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B.V3IN  F  OVERBURDEN  AND  SOIL  SAMPLING  AND  ANALYSTS  STUDY 


PART  I:  ii-iTRonrcTic:: 


Sackeround 


1.  Rocky  Mountain  Arsenal  (RMA)  located  near  Denver,  Colorado,  has  been 

a  cheaical  manufacturing  and  demilitarization  facility  since  Military 

operations  at  the  Arsenal  have  included  the  production  of  various  chemical  war¬ 
fare  agents,  as  wall  as  the  fabrication  of  munitions  containing  these  agents 
and  additional  aunitions  containing  -rCiita  Phosphorous.  Over  the  past  decade, 
additional  military  missions  at  the  Arsenal  have  included  che  demilitarization 
or  destruction  of  various  chemical  agents  and  associated  munitions  and  a  Hydra¬ 
zine  blending  operation.  In  addition  to  these  military  operations,  private 
corporations  have  operated  and  continue  to  operate  industrial  facilities  on 
the  Arsenal  under  lease  agreements  for  production  of  pesticides  and  other 
industrial  chemicals. 

2.  Wastes  from  various  chemical  processes  were  discharged  into  unlined 
basins  until  an  asphalt-lined  evaporation  basin  designed  for  total  waste  reten¬ 
tion  was  completed  in  1956,  This  basin,  designated  Basin  P,  is  located  in  the 
northwest  part  of  the  Arsenal  in  Section  26  (See  Figure  1).  At  the  maximum 
fluid  level.  Basin  F  had  a  surface  area  of  93  acres  with  a  capacity  of  approx¬ 
imately  243  million  gallons.  The  Basin,  roughly  oval  in  shape,  was  created  in 
e  natural  deoresalon  by  constructing  a  dike  around  the  area.  It  measured 
approximately  2,900  feet  across  at  ths  north  end  and  1,600  feet  across  at  the 
south  end.  The  average  depth  of  the  Basin  was  10  feet.  An  asphaltic  membrane 
(a-prcxic.'itaiy  3/1  Inchas  thick)  was  placed  on  the  Basin  bottom,  axcendlag  to 

a  projectsd  high  water  elevation  at  the  edge  of  the  seal  area.  After  the 
asphalt  had  been  placed,  a  anil  layer,  one  foot  thick,  was  placed  on  top  of 
the  membrane  to  protect  it.  The  asphaltic  membrar.s  was  considered  to  have  a 
design  li'a  of  IS  yasrs. 

3.  Through  ths  yesrs,  wastas  from  ths  various  Army  operations  and  from 
ths  on-aits  production  of  pesticides  by  private  corporations  wets  disposed  of 

la  the  Basin.  Thssa  wastas  Included  numerous  Inorgsnlc  and  organic  contaminants. 
Chemical  analysis  of  ths  liquid  in  ths  Basin  has  been  made  periodically.  A 
summary  of  an  extenaiva  chemical  characterisation  analysts  In  1977  is  presented 


4 


in  Table  1  (1)\  !-7as£a  disposal  into  Basin  ?  vas  continued  by  various  organiza¬ 

tions  through  1973.  Since  then  and  until  recently,  the  priaary  flow  into  the 
Basin  has  been  approninately  300,000  gallons  per  year  froa  a  Hydrazine  blending 
facility  and  an  undetermined  amount  of  groundwater  that  infiltrates  into  the 
influent  sewer  line  to  the  Basin.  With  the  reduction  in  flow  to  the  Basin, 
the  volume  of  liquid  contained  h?s  been  steadily  decreasing.  The  actual  volume 
at  any  one  time  varies  depending  on  climatological  conditions,  and  the  current 
estimated  volume  of  liquid  contained  in  the  Basin  is  30  million  gallons.  This 
reduced  volume  can  be  attributed  priatarlly  to  loss  through  natural  evaporation. 

1.  In  early  FY  82,  an  MCA  program  was  initiated  which  includes  the  removal 
of  the  chaaical  sauer  line  back  to  the  South  Planes  Area  and  the  construction 
of  a  dike  through  the  Basin  to  reduce  the  amount  of  surface  water  run-off  into 
the  existing  liquid  pool.  Upon  completion  of  the  program,  flow  into  the  Basin 
will  essentially  he  eliminated.  Tne  volume  of  liquid  la  the  Basin  should 
decrease  due  to  evaporation  to  a  point  where  10  to  15  alllion  gallons  remain, 
enhanced  evaporation  techniques  under  consideration  for  the  llquiil  could  reduce 
this  volume  even  further. 


Bagulatort  Setting 

5.  Basin  ?  has  been  operated  through  the  years  essentially  without  restric¬ 
tions  on  the  amount  or  type  of  waste  disposed  In  It.  Clean  up  or  control  of 

the  Basin  was  first  addrassed  Indirectlv  in  1973  by  the  "esast  and  iaslst" 
orders  issued  by  the  Colorado  department  of  Health  to  the  Shell  Chemical  Companv 
and  to  RMA.  Specifically,  Shall  and  RMA  ware  ordered  to  "take  whatever  steps 
ar»  necssaary  to  claaa  u?  ail  sources  of  the  substances  di;i?  and  DCr*;')  and  to 
perfom  ail  work  necessary  to  ensure  that  ...  niMP  md  OCPO  cannot  enter  the 
water  of  the  state." 

6.  Then,  in  1976,  the  Resource  Conservation  and  Recovery  Act  (RCRA)  was 
inacted.  The  resulting  regulations  ware  apnlicahle  to  Basis  F  since  it  was  an 
operating  facility  on  19  November  1980,  and  contained  hazardous  vmsta  material. 

A  notice  of  hazardous  vesta  activity  and  Part  A  of  the  RCllA  permit  application 
was  filed  with  TPA  listing  Basin  P  as  a  hazardous  waste  surface  Impoundment. 

As  i  result,  the  interim  itatua  standards  as  set  forth  la  “0  CTX  Part  263  are 
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Table  1 

CheT.icai  Character tz.itlon  of  Basin  F  Llciuld  (1977) 


Compound 

Concentration 

or  Parameter 

Units 

Panee* 

pH 

- 

6.9 

- 

7.2 

Aidrin 

ppm 

50 

- 

400 

Isodr in 

ppb 

2 

- 

15 

Dieldria 

^  ppb 

5 

110 

Sndrin 

ppb 

5 

- 

40 

Dithiana 

ppb 

30 

- 

1  W’../ 

DIM? 

ppm 

10 

- 

20 

DMMP 

ppm 

500 

2,000 

Sulfoxide 

ppm 

4 

- 

10 

Sulfona 

ppm 

25 

- 

60 

Caiorlda 

ppm 

48,000 

- 

56,000 

Sulfata 

ppm 

21,000 

- 

25,000 

Copper 

ppm 

700 

- 

750 

Iron 

ppm 

3 

- 

6 

Nitrogen 

ppm 

120 

- 

145 

Phosphorus  (total) 

ppm 

2,050 

•• 

2,150 

Hardness 

ppm 

2,100 

- 

2,500 

M  a 

t-j.;*orlda 

ppm 

110 

•* 

1 17 

Arsenic 

ppm 

1.0 

- 

1.3 

Magnesium 

ppm 

35 

m 

40 

Martury 

ppb 

26 

29 

Cyanide 

ppm 

1.45 

- 

1.55 

COO 

ppm 

24,500 

- 

26,000 

TOC 

ppm 

20,300 

> 

22,500 

*  leased  on  the  analysis  of  various  samplas  from  different  locations  and  deoths 
la  Che  3aain. 
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applicable  to  "oasin  F.  Cna  of  the  major  raquirarrents  under  the  interim  status 
standards  for  such  facilities  is  a  ^vrittan  closure  plan  including  a  description 
of  how  and  when  the  facility  will  be  closed.  These  regulations  are  contained 
in  1C  CFTl  Part  265,  Subpart  G.  Tije  closure  plan  w.is  due  19  May  1981. 

Data  Reouiranents 

7,  In  order  to  properly  address  the  closure  of  3asin  F,  information  is 
needed  on  the  extent  of  contamination  In  the  Basin  area.  Several  field  studies 
have  been  conducted  in  the  Basin  previously  including  sample  collection  and 
analysis  (1,  21,  but  no  information  is  available  on  the  distribution  of  contami¬ 
nation  below  the  liner.  If  contaminants  have  penetrated  the  liner  and  are  con¬ 
tained  in  the  underlying  soils  in  high  concentrations,  the  requirement  for 
removal  or  clean  up  of  the  soils  will  have  to  be  addrassed  in  the  final  closure 
alternative.  Additional  information  on  the  contaminant  distribution  in  the 
sediment  or  overburden  above  the  liner  is  also  required. 

Scope  of  Report 

8.  A  study  aimed  at  developing  the  required  contaminant  distribution 
information  was  auehdized  and  funded  by  the  US  Army  Toxic  and  Hazardous  Mate¬ 
rials  Agency  (USATHAMA) .  Computer  Sciences  Corporation  (CSC)  Inc.,  NSTL,  MS 
was  tasked  to  conduct  the  study  with  the  support  of  IlMA  and  US  Army  Engineer 
Waterways  Experiment  Station  (WES)  personnel.  Tlie  study  Included  development 
of  a  sampling  protocol,  sample  collection,  leach  testing,  analysis,  and  report 
preparation.  BZCa-A  Bcsearcb,  Inc.,  Amherst,  M.T.,  developed  the  sampling  pro¬ 
tocol;  WES  and  CSC  conducted  the  sample  collection;  Systems,  Science,  and  Soft¬ 
ware  (S-Cubed),  Inc.,  I.aJolU,  CA  performed  the  leach  testing;  Midwest 
Research  (>tRI),  Inc.,  Kansas  City,  '-(O,  conducted  the  sample  analyses;  and,  WES 
prepared  the  final  report.  This  report  summarizes  the  work  conducted  by  the 
various  groups,  documents  the  data  obtained,  presents  the  resulting  conclusions, 
and  provides  certain  recommendations.  Boring  logs  and  data  reports  have  been 
appended. 
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PART  II:  METHODS  AND  PROCEDURES 


Fiald  Procedures 

9.  Proposed  boring  locations  (a  total  of  twenty)  and  recommended  proce¬ 
dures  for  conducting  the  sample  collection  were  developed  by  RECRA,  Inc.  and 
detailed  in  a  sampling  protocol  which  has  been  reproduced  and  is  presented  in 
Appendix  a.  Every  attempt  was  made  to  follow  the  protocol  durlns  sample  col- 
laction,  however,  certain  minor  modifications  were  made  in  the  field  as  neces¬ 
sary  to  complete  the  work  undar  the  difficult  conditions  encountered  (Including 
savers  told  weather,  potential  health  hazards  to  personnel,  and  coordination 
with  the  construction  activities  on-golng  in  the  Basin).  Four  boring  sites  on 
the  north  end  of  the  Basin  were  eilalnated  from  the  list  of  proposed  sites  due 
to  the  steep  bank  slopes  encountered  and  the  potential  for  personnel  to  come 

in  contact  with  the  liquid  pool.  The  modified  procedures  used  for  sample  col¬ 
lection  and  preparation  are  detailed  below. 

Establishment  of  boring  locations 

10.  Based  on  the  recommended  site  locations  given  in  the  protocol,  a  pre- 

li.minary  sur/ey  of  the  Basin  was  conducted  and  the  proposed  boring  sites  were 
located.  A  temporary  bench  mark  (TBH)  was  established  near  the  northeast  gate 
of  the  Basin  security  fence  from  which  the  boring  site  locations  were  off-set. 
T'.e  surface  aluvaclon  at  lach  site  was  tiad-in  to  the  T3M.  All  locations  -/ofu 
marked  with  a  numbered,  flagged  stake  for  easy  identification.  Prior  to  Initia¬ 
tion  of  sample  collection,  some  of  the  sites  had  to  be  relocated  to  avoid  Inter- 
faciug  wit.h  the  di'.ce  construction  acltlvitias  on-going  in  the  Basin.  Tha  final 
sixteen  boring  locations  are  presented  la  Figure  2.  Mo  formal  final  survey  of 
the  completed  boring  sites  was  made,  but  such  a  survey  can  be  made  in  the  future 
if  required. 

Overburden  removal  and  sampling 

11.  Overburden  was  removed  from  an  area  approximately  2.5  ft  in  diameter 
using  shovels.  Extreme  care  was  exercised  so  as  not  to  disturb  the  liner. 

Clei.!  cloth  rags  ware  used  to  wipe  the  surface  of  the  liner.  A  2.0  ft  diameter, 
st'i'si  caisson  wns  placed  in  the  hoia  and  ber.tonlca  was  pourad  around  outside 
of  the  bottom  of  the  caisson.  The  outside  of  the  caisson  was  then  backfilled 
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to  a?proxi:r.aLil7  0,3  ft  with  overburian.  Tne  overburden  and  bentonite  were 
:al:<ed  vith  a  ahovai  in  order  to  effect  a  seal  between  the  liner  and  the  bottom 
of  the  caisson.  Overburden  was  then  backfiiJad  around  the  caisson  to  the  origi¬ 
nal  surface  elevation.  A  plywood  '.working  surface  was  laid  around  the  caisson, 
and  the  liner  was  re-wiped  with  clean  cloth  rags  in  order  to  remove  excess  ben¬ 
tonite.  At  this  point,  site  preparation  was  complete. 

12.  At  selected  borings,  the  overburden  was  sampled  by  cutting  down  the 
face  of  the  excavation  after  the  liner  had  been  wiped  clean  but  before  the 
caisson  was  placed.  Each  composite  sample  was  placed  in  a  500  ml  glass  jar, 
sealed  with  a  teflon  lined  lid,  and  labeled  according  to  boring  location  and 
sample  type.  ~>e  liner  -vas  than  re-cleaned  with  rags  before  the  caisson  va.s 
placed.  This  sampling  procedure  was  used  at  borings  Mo.  01,  14,  31,  and  70. 

Two  (2)  500  mi  gla.ss  Jars  of  overburden  were  collected  for  Interlaboratory  qual¬ 
ity  control  purposes  from  stockpiled  overburden  at  boring  Mo.  11. 

13.  The  overburden  was  field  classified  as  to  general  appearance,  color, 
and  moisture.  The  liner  condition  was  noted  with  regard  to  Its  presence  (or 
absence),  continuity;  and  general  appearance.  These  observations  ware  recorded 
for  each  hole  on  boring  logs  which  are  presented  In  Appendix  3. 


55011  boring  and  sampling 

14.  All  soil  sampling  wa.s  done  with  a  split-spoon  sampler  equipped  with 
a  basket  shoe  and  a  plastlu  sleeve  (Tlgure  3).  The  sampler  was  manually 

2'.! /nntad  into  the  icii  by  .iriving  ’-/ith  a  1'  Ih  ;.*uul.  51em?val  of  the  sampler 
from  the  hole  wa.s  accomplished  using  pipe  wrenches  and  a  twlstlng/tuming/ pull¬ 
ing  motion.  Once  out  of  the  hole,  grehit  care  was  taken  to  avoid  contacting 
thn  sampler  with  any  contaminated  surfaces.  Tha  sampler  was  broken  down  uhiia 
supported  in  a  cantilever  fashion  over  a  bucket.  The  plastic  sleeve  was  removed, 
and  the  material  lodged  In  the  shoe  of  the  sampler  was  pressed  out  and  placed 
In  the  bottom  of  the  ciaeva.  In  tnis  '.;ay,  an  undisturbed  sample  of  the  .soli 
profile  was  obtained.  Tlie  ends  of  Che  sleeve  were  then  capped  and  labeled  as 
to  top  or  bottom  and  as  to  boring  number  and  sample  Interval.  The  slaaves  were 
transported  to  an  or.-slta  laboratory  for  classification  and  sampling  for  chemical 
analysis. 

15.  Seevaen  drives,  the  sampler  was  cianned  'with  a  wire  brxiah  and  wiped 
with  clean  cloth  rars  before  a  new  pl.nstic  slCiv*  was  InsertO'i.  T'.a  plastic 
sleeve  prevented  cross-concamlnaclon  between  drives.  The  drive  rods  ware  also 
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bnisiiad  and  wtp'»d  clean.  Each  drive  sanpied  a  1.5  ft  interval.  Three  (3) 
drives  were  aada  on  all  but  one  hole,  boring  n'o.  23  "^ere  only  two  drives  ware 
made.  After  each  drive,  the  depth  of  the  hole  was  measured  to  confirm  that 
the  specified  1.5  ft  iater/ai  had  been  sampled.  Than  using  a  3  in.  auger,  the 
hole  was  cleaned  out  to  the  bottom  of  the  completed  drive.  The  auger  was 
cleaned  with  a  wire  brush  and  wiped  with  clean  cloth  rags  between  drives.  At 
this  point  the  hole  was  ready  for  the  next  drive. 

16.  At  borings  No.  13,  14,  15,  21,  22,  and  23  the  liner  was  not  ttimmed 
prior  to  making  the  first  drive  with  the  sampler.  For  the  remaining  borings, 

tha  liner  was  trimmed  away  prior  to  the  first  drive  using  a  fiathead  screwdriver. 
This  tachnigue  was  found  to  pcodace  a  better  sample  of  the  liner.  'Tna  hole  in 
the  liner  was  cut  so  cs  not  to  contaminate  the  soils  beneath  the  liner  with 
liner  material.  The  cut>out  from  the  liner  was  tagged  and  placed  in  a  glass 
Jar  for  future  reference.  These  samplae  (along  with  liner  samples  from  the 
untrlamed  holes)  have  been  stored  in  31dg.  602,  RMA  for  future  reference.  At 
boring  locations  01,  12,  14,  31,  33,  and  70,  a  second  hole  wes  opened  in  order 
to  obtain  an  extra  soil  sample  from  the  0.0-1. 3  ft  interval  for  bulk  ehamlcal 
analysis.  The  niuibsr  and  depth  intervals  of  samples  eollseted  over  the  entire 
sampling  effort  are  summariasd  la  Table  2. 

Closure  of  berlnss 

17.  Each  boring  was  grouted  with  a  mixture  of  Portland  Type  V  cement  and 
hentonita  in  ratio  of  9:1  and  6-7  jal  of  water  par  hag  of  cement.  (Type  ’’  Port¬ 
land  is  a  low  crl-caLlcium  aluminate  cement  that  '^en  compared  to  other  cements 
has  superior  resistance  to  hydration  and  expansion  caused  by  sulfate  ion  sub¬ 
stitution).  .As  grout  "US  slowly  pourod  into  •:!;«  hole,  a  woodan  pole  was  useii 

to  vibrate  voids  to  the  surface.  A  permanent  location  marker  and  liner  seal 
was  est.iblished  over  the  hole  by  filling  a  l2-in.  XT)  sonotuba  mold  with  grout 
to  an  elevation  of  0.4  ft  above  the  surface  of  the  overburden.  In  the  case  of 
borings  No.  01,  12,  14,  31,  33,  and  70  whart  a  second  hole  taia  opened  in  order 

to  obtain  an  extra  soil  sample,  an  13-ln.  ID  sonotuba  form  was  used.  The  larger 

to  WMS  necessary  in  order  to  cover  both  holes.  After  the  grout  had  set  fur  a 
minimum  of  24  hrs,  the  steel  caisson  was  pulled  and  overburden  wns  used  to  bsek- 

flll  srnitad  eiie  matkar.  Tiia  sessurad  lieigh:  of  cha  marker  and  overburden  above 

the  liner  are  prasentid  in  Table  3.  Figure  4  provides  det.nlls  of  a  typtc.nily 
completed  hole. 
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Sanniini;  Summary 


Table  2 

Basin  F  :^edi-ent  and  Soil 


Drives  (6  ft) 


BFB  Mo. 

0-1.5 

1. 5-3.0 

3.0-4. 5 

Overburden 

01 

XX* 

X 

X 

X 

02 

X 

sr 

X 

11 

X 

X 

X 

X 

12 

XIv 

X 

X 

X 

13 

A 

X 

X 

14 

XX 

X 

V 

•' 

15 

X 

X 

X 

21 

X 

X 

X 

22 

X 

X 

X 

23 

X 

X 

31 

:a 

X 

X 

X 

32 

X 

X 

X 

33 

XX 

X 

X 

50 

X 

X 

X 

60 

X 

X 

X 

70 

XX 

X 

X 

X 

*  Doubia  X's  Indlcata  sites  whera  an  extra  drive  was  made  for  bulk  analysis 
s^npl’is. 
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Tabla  3 

Tlnal  ?ost  and  Qyerburdan  Zlavatlons 


Overburden 

?03t  Elev. 

Surface  Slav, 

Borini?  No. 

Above  Liner  (ft) 

Above  Liner  (: 

01 

1.7 

1.3 

02 

1.75 

1.35 

11 

1.95 

1.55 

i: 

“1.63 

1.25 

13 

1.05 

0.65 

14 

1.9 

1.5 

13 

1.6 

1.2 

21 

1.65 

1.25 

22 

1.6 

1.2 

23 

1.7 

1.3 

31 

2.0 

1.6 

32 

2.0 

1.6 

33 

2.2 

1.3 

50 

2.1 

1.7  • 

60 

2.2 

1.8 

70 

1.8 

1.4 

12 


13.  During  the  coume  of  the  sampling  effort,  se’/ere  weather  conditions 
with  sustained  sub-freezing  temperatures  occurred  forcing  termination  of  the 
boring  closure  activity.  Open  holes  were  protected  by  taping  a  plastic  sheet 
over  the  top  of  the  steel  caisson.  Although  the  cold  temperatures  may  have 
affected  curing  of  the  grout  in  some  holes,  an  inspection  made  upon  completion 
of  the  grouting  revealed  only  minor  sloughing  from  1/2  to  1  in.  of  the  marker 
top  at  some  borings.  The  grout  in  immediate  contact  with  the  liner  was  not 
affected,  thus  insuring  that  each  hole  punched  through  the  liner  was  securely 
sealed . 

Photo-;raohlc  documentation 

19.  A  color  photograph  was  taken  documenting  the  liner  condition  at  each 
boring  location  either  iiunedlataiy  bafora  the  caisson  was  placed  or  after  site 
preparation  for  making  the  drives  had  bean  completed.  ?hotographlc  documenta¬ 
tion  was  also  made  of  the  boring  procedures  and  of  the  grouting  procedures. 
Complsta  sets  of  these  photographs  are  on  file  at  ^lA  and  WES. 

Safety  procedures 

20.  Considerable  efforts  were  made  to  insure  the  safe  conduct  of  the  work 
in  the  Basin  F  area.  All  personnel  were  required  to  wear  disposable  coveralls, 
rubber  gloves  and  boots,  safety  galsses,  and  hard  hats  uhlla  in  the  Basin  to 
prevent  contact  with  any  contaminated  material.  In  addition,  all  personnel 
used  respirators  or  air  packs  to  prevent  the  inhalation  of  noxious  or  toxic 
fumes.  All  clothing,  supplies,  and  materials  other  than  respirators,  air  packs 
and  core  samplers  were  disposed  of  in  55— gal  dru.ms  which  were  left  In  the  Basin 
T'j  s-yjipmcnt  rscovirad  was  prcpsrl}*  clo.inad  prior  to  removal  from  the  -•Asim. 
area. 

21.  The  safety  procedures  employed  ware  reviewed  by  the  RMA  Safety  Office 
and  approved  prior  to  initiation  of  work.  These  procedures  complied  with  those 
specified  by  the  RMA  Safety  Office  and  the  CE,  Omaha  District  for  private  con¬ 
tractors  working  in  Basin  F.  Additional  details  are  included  in  the  sampling 
protocol  or  are  available  from  the  RliA  Safety  Office. 
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On-Slta  Laboratorv  ?rocedures 


SatTPla  preparation 

'22.  The  samples  vere  processed  and  prepared  for  subsequent  chemical  analy* 
ses  la  an  on-site  laboratory  located  In  Bldg.  741.  Samples  were  removed  from 
the  plastic  sleeves  by  tilting  the  sleeve  and  allowing  the  sample  to  slide  out, 
top-end  first.  Into  lined  core  trays.  Scma  samples  wera  assisted  by  using  a 
plunger  to  apply  a  alight  force  on  the  bottom  end.  Identification  tags  T«re 
placed  on  each  core.  Than  color  photographs  of  the  Individual  cores  were  taken. 
Mext,  the  cores  were  arranged  and  prepared  for  visual  soli  classification. 

Soil  classification 

23.  field  classification  according  Co  the  tlnlfled  Soil  Classification 
Systam  (USCS)  (3)  was  made  by  visual  examination  of  the  sample  cores  by  an 
experienced  geologist  from  f/ES  who  is  familiar  with  the  various  types  of  soil 
found  at  RMA.  Soil  color  was  compared  to  standird  soil  color  plates  and  appro¬ 
priately  noted  along  with  the  USCS  celssifleacion  and  soil  taxture.  Textura 
was  decemined  by  visual  sXsaminatloa.  All  classification  laforaaeion  on  the 
overburden  and  soils  was  noted  on  the  boring  logs,  for  reference,  a  summary 
table  of  the  USCS  has  been  reproduced  and  is  included  with  Che  boring  logs  in 
Appendix  B. 

Sub.vi:::ola  oollaction  for  cfiemicnl  .-malvsis 

24.  After  the  cores  had  been  photographed  and  classified,  the  core  from 
each  boring  was  divided  Into  four  separate  subsanples,  each  suhsampla  consisting 
of  all  Che  soil  in  a  particular  one-foot  interval.  The  Intervals  coilacted 
included  O.U-l.O  ft,  1. 0-2.0  ft,  2. 0-3.0  ft,  and  3. 0-4.0  ft,  based  on  the  depth 
below  the  liner.  The  subsamples  were  placed  in  500  ml  glass  Jars  equipped  with 
Teflon  lined  lids  and  labeled.  The  Jars  ware  sealed  with  tape,  packed  in  an 
ice  chest  with  hlue-ice,  and  air  freighted  to  S-Cubed  for  lurcher  testing. 

Ail  samples  arrived  at  S-Cubed  on  the  day  following  collection.  Tt^ose  samples 
to  be  used  for  bulk  analysis  decaratnatioas  ware  pack.tged  in  the  same  manner 
and  rttr  freighted  to  MRt.  A  list  of  the  subsamples  oreosfad  Is  presented  In 
Table  4.  All  residual  soil  and  ocher  tsacerlals  from  the  cores  were  composited 
ar.-.i  retumeii  to  3jsin  7.  AppropriJtJ  safety  teasurea  wars  't.tken  in  the  libura- 
tory  to  prevent  immediate  coatict  with  the  cores  or  Itthnlstlon  of  fuses  '•y  any 
personnel. 
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Tabla  4 


Basin  F  Sa.iiaent  and  Soil  Sub3amr?le  Identification 


SFB*  Mo. 

Mo. 

3ampl3 

Tvotf 

Interval  (ft) 

21 

S 20001 

Core 

0-1 

21 

320002 

Cora 

1-2 

21 

320003 

Core 

2-3 

21 

S20004t 

Core 

3-4 

22 

320005 

Core 

0-1 

S20006 

Core 

1-2 

2'’ 

Coro 

2-3 

22 

320003^ 

Cora 

3-4 

23 

320009 

Core 

0-1 

23 

320010 

Cora 

1-2 

23 

320011 

Cora 

2-3 

13 

320012 

Cora 

0—1 

13 

320013 

Core 

1-2 

13 

320014'^ 

Core 

2-3 

13 

320015^ 

Cora 

3-4 

14 

320016 

Cora 

0-1 

14 

320017 

Core 

1-2 

14 

320013 

Core 

2-3 

14 

320019'^ 

Cora 

3-4 

14 

320020 

Surface 

m 

« 

15 

320021 

Core 

0-1 

15 

•3  J  W 

Coro 

1-2 

13 

320023 

Core 

2-3 

13 

320024^ 

Cora 

3-4 

70 

320025 

Surface 

70 

320026 

Cora 

0-1 

70 

320027 

Cora 

1-2 

70 

320023 

Core 

2-3 

70 

320029t 

Core 

3-4 

(Cor.tlnuii  n 

*  Basin  F  Boring. 
^  Indlcacaa  that 

tha  auhaaraoLa 

vae  held  and  not 

extracted 

ualn^  the  s:n.P. 
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Table  4  (Continued) 


BFB  No. 

RMA  No. 

Sarmle  Type 

Interval  (ft) 

60 

S20030 

Core 

0-1 

60 

S20031 

Core 

1-2 

60 

320032^ 

Core 

2-3 

60 

320033^ 

Core 

3-4 

32 

320034 

Core 

0-1 

32 

320035 

Core 

1-2 

32 

320036 

Core 

2-3 

32 

320037^ 

Core 

3-4 

31 

320038 

Surface 

- 

31 

320039 

Core 

0-1 

31 

320040 

Cora 

1-2 

31 

320041 

Cara 

2-3 

31 

320042^ 

Core 

3-4 

33 

320043 

Cora 

0-1 

33 

320044 

Cora 

1-2 

33 

320045^ 

Core 

2-3 

33 

320046^ 

Core 

3-4 

12 

320047 

Core 

0-1 

12 

320048 

Core 

1-2 

12 

320049 

Care 

2-3 

12 

.120050 

Core 

3-4 

01 

120051 

Surface 

«• 

01 

320C52 

Core 

0-1 

01 

S200S3 

Core 

1-2 

01 

323054 

ae**  J 

01 

320055 

Core 

3-4 

11 

320056 

Core 

0-1 

11 

320057 

Core 

1-2 

11 

320053 

Cora 

2-3 

11 

320059 

Core 

3-4 

30 

s::.:'ro 

C.,'r3 

50 

120061 

Core 

(Continued) 

1-2 

Table  \  (Concluded) 


BF3  >ro. 

No. 

Sannle  Tvne 

Interval 

50  • 

S2C062 

Core 

2-3 

50 

320063 

Core 

3-4 

02 

320064 

Core 

0-1 

02 

320065 

Core 

1-2 

02 

S20066 

Core 

2-3 

02 

S20067 

Core 

3-4 

11 

320053 

Surface 

1  ' 

; 

320055 

Core  (bulk) 

0-1 

70 

320070 

Core  (bulk) 

0-1 

33 

320071 

Core  (bulk) 

0-1 

12 

320072 

Core  (Sulk) 

0-1 

12 

320073 

Surface  (bulk) 

- 

31 

320074 

Cora  (bulk) 

0-1 

31 

320075 

Surface  (bulk) 

01 

11 


S20076 

S20077 


Cora  (bulk) 
Surface  (bulk) 


0-1 


Laach 


Procedura 


25.  Salactad  subsaraplas  of  tha  cores  were  ieac'iad  using  the  Solid  Vasta 
Leaching  Procedure  (S’TL?)  as  requested  by  USATHA2L\.  The  procedure  is  detailed 
in  a  memorandum  prepared  by  USATHA>tA  that  has  been  reproduced  and  included  in 
Appendix  G.  The  St^L?  involves  a  distilled  water  extraction  of  approximately 
100  %  of  sample.  The  solution  is  mixed  for  24  hours  followed  by  filtration 
and  analysis  of  the  extract.  S-Cubed  perfonned  the  St-Hl?  only  on  the  fifty  sub- 
samples  specified  by  SMA  and  ’/ES  personnel.  After  review  of  the  results  of 

the  initial  tests,  five  additional  subsamples  were  extracted  by  S-Cubed  using 
zl'.i  (see  Tabio  4).  All  remaining  cores  and  ixcess  soil  not  needed  for 

testing  were  transferred  to  WES  to  be  held  for  future  testing  if  required. 
S-Cubed  prepared  a  detailed  summary  of  the  extraction  work  conducted  which  has 
been  reproduced  and  included  in  Appendix  D, 

Samola  Analyses 

Anal7si3  of  SWLP  extracts 

26.  The  ST-n.?  extracts  were  air  freighted  to  *??I  for  chemical  analysis. 

A  list  of  parameters  for  analysis  of  the  samples  was  prepared  by  and  WES 
personnel.  This  list  la  as  follows: 


pH 

Dlthiane 

Aidrin 

Sulfonc 

nialdrln 

Sulfoxide 

Endrln 

DBG? 

Isudrin 

Mercury 

DIMP 

Arsenic 

DMMP 

Pluorlde 

MRl  conducted  these  analyses  usln.i  procedures  approved  by  L’SAT!^.\^!A.  hetalla 
of  these  procedures  along  t/lth  a  propriate  quality  control  data  ata  on  flia  at 
MRI  and  RMA. 

Analysis  of  hulk  samn lea 

2T .  Su*k  analyses  were  conducted  on  nine  a.amples  (as  i.a4lcate*l  in  Table 
4)  for  bot’’.  or'jnnl':  and  inorganic  contir-lnantj.  ’’•.‘tailed  written  ..tnalyticu 
methods  for  the  bulk  .inalysas  were  prepared  hv  ?!RI  which  have  been  reproducsd 

l.R 


aad  are  included  in  Appendix  E.  In  general,  the  organic  analyses  were  conducted 
using  standard  GC/MS  techniques  while  metal  analyses  were  conducted  using  an 
inductively  coupled  plasma  (ICP)  emission  spectrometer.  Mercury  and  arsenic 
were  analyzed  using  cold  vapor  and  hydride  generation  AA  spectrophotometry  tech¬ 
niques,  respectively,  fluoride  analysis  was  conducted  using  an  ion  selective 
electrode  method. 

Control  and  distribution  of  analytical  result:. 

28.  The  completed  analyticaL-data  were  submitted  by  MRI  to  the  analytical 
QA/QC  group  at  RMA  for  review  and  concurrence.  Copies  of  the  data  were  then 
distributed  to  RMA  and  personnel  for  evaluation  and  use  in  this  report. 


PARI  III:  RESULTS  ANT)  DISCUS SIOJ^ 


Depth  of  Overburden 


29.  The  sediaent  or  overburden  as  referred  to  In  this  report  is  the  oate- 
rlaL  located  above  the  liner  in  Basin  F.  During  construction  of  the  Basin,  a 
layer  of  sand  approxlaataly  one  foot  in  thickness  was  placed  over  the  liner  as 
a  protective  measure.  Throu^  the  years  of  operation,  additional  material  has 
been  deposited  in  and  on  this  8and_layer  probably  due  to  precipitation  of  salts 
from  the  liquid,  deposition  of  wind  blown  soil,  and  dumping  of  waste  solids 
into  the  Basin.  In  certain  araas  of  the  basin  whera  the  overburden  has  been 
exposed  (not  covered  with  liquid)  for  long  periods  of  tit*,  it  appears  that 
some  of  the  original  cover  sand  has  been  lost,  probably  due  to  wind  erosion. 

30.  In  order  to  provide  an  overall  picture  of  the  depth  of  overburden  in 
the  Basin,  a  contour  map  was  developed  baaed  on  the  measurements  taken  during 
the  boring  operations  as  presented  it:'  Table  3.  This  contour  raap  is  presented 
in  Figure  5.  The  nlBlinum  depth  found  0.65  ft,  was  at  boring  No,  13  which  is 
in  an  area  of  the  Basin  exposed  the  longest  time.  The  maxlnnaa  depth  found, 

1.3  ft,  ma  at  borings  Nc.  60  and  33,  which  sre  located  in  proximity  to  the 
two  entrance  gates  in  ths  fence  on  the  east  slds  of  the  Basin.  The  increased 
overburden  depth  in  these  areas  may  be  the  result  of  historic  dumping  of  solid 
material  into  the  Basin  at  these  points  doe  to  their  easy  access.  No  infoma- 
tica  was  obtained  on  saJLr.ant  depths  uadir  the  li.-uid,  alcl-.cc^h  past  report, 

(1,  2)  have  indicated  that  the  sediment  Is  thicker  In  this  area.  This  is  prob¬ 
ably  true,  since  the  various  salts  continue  to  precipitate  from  the  liquid  as 
additional  water  evaporates. 


Liner  Condition 


31.  During  the  conduct  of  the  boring  in  the  Basin,  special  attention  was 
given  to  determining  the  condition  of  liner  as  the  overburden  was  removed. 

The  field  personnel  inspected  the  liner  and  noted  its  condition  on  the  associ¬ 
ate.;  boring  log.  Overall,  the  liner  w;is  found  to  he  In  good  condition  with 
the  exception  of  boring  No.  2.  In  this  area,  the  liner  was  liquified  and  had 
dispersed  to  soite  degree  leaking  it  ilfflcalt  to  identify.  hoies,  I  tj 

2  inches  in  diameter,  were  found  In  the  liner  at  boring  sites  'To.  13  and  L”. 
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The  field  personnel  indicaca.l  thai:  the  liner  irregularities  at  these  two  sites 
were  probably  the  result  of  poor  application  technique. 

Classification  of  Soils  Beneath  the  Liner 


32.  As  previously  discussed,  the  cores  taken  in  the  Basin  were  field  clas¬ 
sified  based  on  the  USCS  with  the  resulting  information  reported  on  the  boring 
logs  (Appendix  B).  This  infomation  was  obtained  in  anticipation  of  future 
construction  activities  in  the  Basin  where  such  infomtation  might  be  useful. 

In  addition,  certain  contaminants  can  often  be  associated  with  specific  soils 
wit!’,  regard  to  adsorption  or  precipltaticn.  Therefora,  it  certain  intervals 
were  found  to  be  contaminated,  it  might  be  possible  to  relate  contaminant  dis¬ 
tribution  to  soil  type. 

33.  In  order  to  illustrate  the  variations  in  soil  types  found  with  depth, 
a  series  of  three  horizontal  cross-sections  were  prepared  delineating  the  soil 
classifications  in  the  Intervals  O.l-l.O  ft,  1, 0-2.0  ft,  and  2. 0-3.0  ft.  Very 
little  difference  was  found  between  the  2.0-3. 0  ft  and  3. 0-4,0  ft  Intervals 

and  therefore  no  cross-section  was  prepared  for  the  deepest  Inter'^al,  The  cross- 
section  are  presented  in  Tlgures  6,  7,  and  S.  Each  specific  soli  group  is  iden¬ 
tified  using  a  standard  symbol.  The  group  symbols  are  described  in  Table  5. 

34.  The  predominant  soil  groups  identified  Include  silty  clays,  inorganic 
silts,  and  inorganic  clays.  Inorganic  clays  becdme  more  predominant  with 
incr-MSing  depth.  T’e  variation  la  soil  types  with  depth  ov.ir  -uch  of  the  Basin 
can  be  partially  explained  by  considering  the  physical  setting  of  the  Basin. 

The  Basin  was  constructed  in  a  natural  depre.sslon  with  the  ground  surface  eleva¬ 
tion  decreasing  from  east  to  west  and  south  to  north.  'T-ierefora,  dikes  were 
constructed  on  the  north  and  we.st  sides  of  the  Basin  which  entailed  placement 
of  fill.  The  soils  found  in  the  southeast  section  of  the  Basin  probably  repre¬ 
sent  the  original,  undisturbeii  surface. 

35.  All  of  the  soil  types  identified  provide  some  capacity  for  holding-up 
or  retaining  of  contaminants  since  they  are  fine  grained  or  contain  clay  or 
both.  Generally,  the  higher  the  concentration  of  clay  In  a  soil,  the  higher 
the  capacity  for  retaining  contaminants.  In  any  case,  if  contaminane.=!  have 
passed  through  the  liner  in  the  Basin,  s»ifticler.c  amounc.s  should  have  been 
retained  in  these  s»nti3  to  be  evident.  • 
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Peat  and  otlic;)'  Iii^hly  organic  soils  Mucks  and  peats 


Analytical  Results 


36.  Due  to  the  volurae  of  the  combined  analytical  data,  the  results  of 
the  analyses  on  the  SVLP  extracts  and  the  built  analyses  are  detailed  in  Appen¬ 
dix  F.  A  separate  list  of  tables  for  Appendix  F  has  been  prepared  and  is 
included  in  the  front  of  the  appendix  to  aid  in  locating  particular  data  of 
interest.  The  analytical  results  are  addressed  only  in  a  summary  fashion  in 
the  following  sections. 

Results  of  analyses 
on  the  SWLP  extracts 

37.  As  indicated  by  the  data  tables  in  Appendix  F,  the  concentration  of 
many  of  the  contaminants  in  the  SWIP  extracts  w_rc  /ery  low  or  below  detectable 
limits.  As  a  result,  it  was  decided  to  purge  the  data  base  of  these  low  values 
thus  enabling  the  development  of  a  less  cluttered  visible  representation  of  the 
data.  Action  level  concentrations  for  the  contaminants  were  used  as  a  reference 
for  either  eliminating  or  retaining  a  data  point  in  the  purged  data  base.  .4a 
action  level  concentration  is  the  EPA  drinking  water  standard  for  a  particular 
eontafflinant,  if  one  exists,  or  a  recommended  maximum  concentration  established 
by  the  Army  for  those  contaminants  without  regulated  drinking  water  standards. 

38.  A  list  of  action  level  concentrations  has  been  prepared  by  USATHA1L4 
for  use  at  RMA.  The  action  levels  for  the  contaminants  of  interest  in  the  SWLP 
extracts  area  as  follows: 

Parameter  .Action  Level 


Aldrin 

Oieldrin 

E.icri." 

Isodrin 

DI.MP 

DMMP 

Dithiana  ) 

Sulfone  > 

Sulfoxide  < 

DBCP 

Mercury' 

Arsenic 

Fluoride 


Mold  to  a  minimum  (assume  0.2  ppb) 
Hold  to  a  mi.ni.'sum  (3ssv.si.»  0.2  ypb) 

0.2  ppb 

Hold  to  a  minimum  (assume  0.2  ppb) 

0.5  ppm 

No  level  set  (assume  0.5  ppm) 

100  ppb  (total  of  all  orgaRO-sulfurs) 

0.2  ppb 
2.0  ppb 

50.0  ppb 
2.4  ppm 
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39.  A  plan  .-.ap  vas  .-Idvciopad  for  the  purpose  of  aunmarising  the  pur'j:ed 
data  base  (Figure  9).  Ail  t!ie  con:a:ninants  found  above  their  respective  action 
levels  In  the  SvCL?  extracts  of  the  borins  cores  from  the  four  intar/als  under 
the  liner  (0. 0-1.0  ft,  1. 0-2.0  ft,  2.0-3. 0  ft,  and  3. 0-4.0  ft)  are  Identified 
with  respect  to  each  boring  site  on  the  map.  Those  intervals  from  which  either 
samples  were  not  analyzed  or  no  contaminants  ware  found  in  the  extracts  above 
their  action  levels,  are  also  identified. 

40.  Tiie  contaalants  found  in  the  SWL?  extracts  above  their  respective 
action  level  concentrations  include  Aldrin,  Dieidrin,  Endrln,  Isodrln,  organo- 
suifurs,  DoC?,  arsenic,  am  fluoride-  Some  of  the  borings  (Mo.  21,  22,  23, 

mi  70)  ;'.ad  no  asajciati!  extracts  ••.‘Ith  contaminant  concantrn cions  above 
the  action  levels.  Borings  Mo.  I  and  2  (in  "Little  F")  ware  found  to  have  the 
greatest  number  of  contaminants  In  the  extracts  for  ail  intervals.  They  were 
the  only  borings  in  which  the  extracts  of  the  cores  from  the  3. 0-4.0  ft  interval 
were  found  to  contain  organic  contaminant  concentrations  above  the  action  levels. 
Tha  concentrations  of  the  contaminants  In  the  extracts  associated  with  borings 
Mo.  1  and  2  vara  in  general  higher  than  those  associated  with  the  ocher  borings. 
Overall,  the  results  Indicated  that  suhiiner  soils  associated  with  t’le  borings 
oucsida  j£  "Little  ?"  are  .not  highly  csnta.mlnatad.  Mo  particular  corralacion  ' 
was  found  between  contaminant  distribution  and  soli  type.  This  is  probably 
due  to  the  fact  that  all  the  soils  identified  contain  significant  amounts  of 
clay  and/or  fine  grained  material. 

Al.  T'.!  3'n.?  '.ras  conducted  cn  overburden  semnlas  crilect ■‘■i  at  fivs  bcTin ; 

sites  Including  Mos.  I,  ll,  14,  31,  and  70.  The  contaminants  concentrations 
in  these  extracts  were  found  to  be  much  higher  chan  in  chose  associated  with 
tlia  bulow  iinar  .-Miipia ? .  I.*,  edditior.  ;o  tha  cur.ta.-in.incs  idenclfiaii  l.n  t'.'.a 

boring  core  extracts,  concent ratlon.s  of  OIMP  and  DCPD  were  found  in  some  of 
the  overburden  extracts. 


Ilasults  of  the  hulk  .analyse.s 

42.  Bulk  analyses  wera  conducted  on  samples  taken  from  the  0. 0-1.0  ft 
core  interval  from  borings  No.  1,  12,  14,  31,  33,  and  70,  and  on  overburden 
sampls.s  from  borings  Mo.  11,  12,  and  31.  The  results  of  these  organic  and  metal 
analyses,  .as  prevlcusly  Ividicatad,  za  pr-isantc:!  in  Arnendi::  t:  sbouid  be 

noted  that  c*m  eoncentratlons  of  organics  reportad  for  the  bulk  analyses  are 
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semi-quantitative  in  nature  and  should  not  be  taken  as  absolute.  The  concen¬ 
trations  of  contaminants  in  the  bulk  analyses  range  from  2  to  5  orders  of  mag¬ 
nitude  greater  than  the  concentrations  in  the  SWLP  extracts.  This  indicates 
that  the  SWIP  extracted  only  a  small  fraction  of  the  total  amount  of  the  con¬ 
taminants  present.  The  bulk  analyses  also  indicated  the  presence  of  contami¬ 
nants  other  than  those  analyzed  for  in  the  SWIP  extracts.  The  reader  is 
referred  to  the  appropriate  tables  in  Appeauis  F  where  tnese  additional  con¬ 
taminants  are  identified.  The  additional  contaminants  identified  in  the  core 
samples  are  not  of  particular  concern  due  to  their  chemical  natures  and/or  the 
generally  low  concentrations  found.  Of  the  overburden  samples  analyzed,  the 
one  from  boring  No.  11  was  found  to  have  the  greatest  number  and  highest  con¬ 
centration  of  organic  contaminants  other  than  those  analyzed  for  in  the  SWIP 
extracts.  A  number  of  these  conts-ninaats  could  ba  of  concern  with  respect  to 
disposal  of  the  overburden  oatarial,  even  though  specific  criteria  or  standards 
are  not  available. 


Significance  of  Data  with  Respect  to  Basin  F  Closure 


43.  The  RCRA  regulations  pertaining  to  the  closure  of  a  surface  impound¬ 
ment  operating  under  interim  status  are  contained  in  40  CFH,  Part  265,  Sub¬ 
part  K,  Section  265.228.  The  regulations  specify  two  methods  for  closure  of  a 
surface  impoundment.  First,  if  the  owner  or  operator  elects  to  remove  the  fol¬ 
lowing:  (I)  scandiug  liquids,  (2)  waste  and  waste  residues,  (3)  tue  liner, 
and  (4)  underlying  and  surrounding  contaminated  soil;  or  can  demonstrate  that 
none  of  these  materials  remaining  at  any  stage  of  removal  are  hazardous:  the 
surface  impoundment  can  be  closed  without  being  subject  to  additional  require¬ 
ments.  of  Part  265  regulations.  Secondly,  if  the  owner  or  operator  does  not 
remove  all  the  impoundment  materials  or  does  not  make  the  non-hazardous  demon¬ 


stration,  the  impoundmenc  must  be  closed  and  post-closure  care  provided  as  for 
a  landfill.  The  specific  requirements  for  closure  as  a  landfill  are  in  general 
negotiable  but  at  a  niai.’aum  the  remaining  liquid  raist  be  removed  by  eit.her  trea 
ment  or  drying.  The  specific  requirements  could  vary  from  placement  of  a  final 
cover  alonf  with  a  demonstration  of  positive  control  to  prevent  contaminant 
migration  as  detailed  In  Section  265.310,  to  construction  of  a  liner  (possibly 
including  a  leachate  collection  system)  anu  pl.«ceaent  of  a  final  cover  as 


in  .-i.Hfli,,.-  n  '■J.n  n"  nan 
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44.  In  order  co  s'/aiuaca  the  raathods,  a  datermiaacion  rauac  be  made  of 
vhicb  impoundment  materials  are  hazardous.  A  solid  waste  is  defined  as  a  haz¬ 
ardous  vaate  under  ■ICIIA  if  it  specifically  listed  in  Section  261.31  (Hazardous 
Vaste  from  'lonspecific  Sources),  Section  261.32  (Hazardous  tlaste  from  Specific 
Sources),  or  in  261.33  (Olscardeii  Commercial  Chemical  Product,  Off-Specification 
Species,  Container  Residues,  and  Spill  Residues  Chareof);  if  It  is  a  (ni:cture 

of  solid  waste  and  one  or  more  hazardous  wasts-j  listed  la  Sections  2S1.31, 
261.32,  or  251.33;  or  if  exhibits  the  characteristics  of  l^ltablllty,  corro¬ 
sivity,  reactivity,  or  EP  toxicity.  The  liquid  and  sediment  in  the  Basin  are 
hazardous  wastes  since  they  are  mixtures  cf  solid  waste  and  one  or  more  hazard- 
cns  wastes  identified  in  the  lists.  2  .e  listed  hazardous  v/asces  disposed  of 
in  the  Basin  can  in  general  be  associated  t'Xlth  leasee  operations  in  the  South 
Plants.  In  addition,  the  liquid  and  an  EP  extract  of  the  overburden  from  the 
Basin  have  been  shown  to  contain  Sndrln  in  a.xsass  of  the  0,02  ppm  criteria  thus 
exhibiting  the  characteristic  of  EP  toxicity.  This  iafocwaclon  was  daveloped 
as  required  for  filing  of  Part  A  of  the  RCRA  permit  application. 

45.  Therafora,  it  is  left  to  determine  If  the  liner  and  the  underlying 
and  surrounding  soils  are  contaminated.  Ho  specific  tests  have  been  conducted 
on  the  liner  material  and  therefore  no  absolute  detarmination  can  he  made  as 
to  Its  hazardous  or  non-hazardous  nature  although,  based  on  the  RCRA  criteria, 
the  asphalt  liner  would  probably  not  be  classified  as  haz.! rdous .  However,  in 
any  anticipated  construction  activity  la  the  Basin  involving  removal  of  the 
iirrli  and  sar]l.-.an:,  it  would  1;»  impr<icclcni  if  cot  irposslMa  ta  cjp’.racs  the 
liner  material  from  the  waste  materials  classified  as  hazardous. 

46.  VI th  respect  to  the  surrounding  soils,  a  detenninatlon  must  be  inade 
as  to  ;hi!  i.:toac  oi  contn-ninitlon.  r:a  ./jrd.i  ’’cont-imijiatiu  soils"  as  u^ed  ^.a 
the  RCRA  regulations  concamlng  stirface  Impoundments  have  not  been  specifically 
defined  in  the  reyiiatlons.  However,  based  on  the  current  philosophy  being 
usetl  by  E?A  In  Jevelopin’  the  ragul.itions,  any  criteria  daveloped  concerning 
such  contaminated  soils  will  probably  be  based  on  the  potential  for  the  soils 
to  act  as  a  significant  source  of  the  contani.iation  '.rlth  respect  to  migration 
to  underlying  groundwater  due  to  leaching.  T)ie  extent  to  which  a  contaminated 
soil  mvist  be  removed  will  probablv  have  to  be  negotiated  with  the  approoriara 
r.‘jic-utor/  agency. 

47.  Ir.  the  'ntarim,  until  such  tits  an  thu  ngulaticns  ara  finallta''. 
and/or  negotiations  have  been  completed,  USAraxMA  has  daveiopa«l  a  critoria  based 


on  the  results  of  the  SWIF  and  directed  that  it  be  used  as  a  guideline  in  deter* 
mining  if  contaminated  roils  represent  a  migration  source.  The  criteria  is 
detailed  in  the  memorandum  prepared  by  USATH.AMA  which  has  been  included  in 
Appendix  C.  In  summary,  the  criteria  is  as  follows:  If  the  concentration  of 
a  particular  contaminant  in  the  SWLP  e.xtract  of  a  soil  exceeds  100  times  the 
action  level  for  that  contaminant,  then  the  soil  is  considered  to  have  the  abil* 
ity  to  release  the  contaminant  through  leaching  at  a  level  requiring  positive 
control  or  rumoval  to  prevent  degradation  of  groundvater  quality.  Therefore, 
this  criteria  was  applied  to  the  so-il  samples  collected  from  beneath  the 
Basin  F  liner  to  determine  which  soil  areas  would  require  positive  control  or 
removal. 

48.  In  applying  the  criteria,  the  action  levels  (as  given  in  paragraph  38 
of  tiiis  report)  were  multiplied  by  100  and  the  resulting  values  compared  to 
tha  concentrations  found  in  the  SWLP  e.rtracts  of  the  cores.  Only  the  extracts  , 
from  the  cores  collected  at  boring  No.  2  from  the  0. 0*1.0  ft  and  1. 0*2.0  ft 
intervals  exhibited  concentrations  exceeding  the  criteria  (Figure  9).  For  the 
0. 0*1.0  ft  interval,  the  concentrations  of  .Aldrin,  Oieldrin,  Fndrin,  and  Isodrin 
in  the  extract  exceed  the  criteria.  In  the  1. 0*2.0  ft  interval,  only  the  con* 
centration  of  Oieldrin  in  the  extract  exceeds  the  criteria,  although  the  concen* 
tration  of  Endrin  is  only  slightly  below  the  criteria.  Thus,  the  soil  beneath 
the  lines  around  boring  No.  2  was  the  only  area  found  requiring  positive  control 
or  removal  based  on  the  interim  criteria. 


49.  As  discussed  previously,  boring  i.'o.  2  was  the  only  lowatian  in  the 
study  where  the  liner  was  found  to  be  in  poor  condition.  Contamination  in  the 
sediment  in  this  area  was  probably  able  to  migrate  in  high  concentrations  into 
the  soil  due  to  the  deteriorated  condition  of  the  liner.  In  the  other  areas 
of  the  basin  evaluated  in  this  study,  the  liner  appears  to  have  maintained  suf' 
ficient  integrity  to  prevent  the  migration  of  large  amounts  of  contaminants  to 
the  underlying  soils. 

50.  Although  the  liquid  and  overburden  in  the  Basin  have  been  identified 

as  hararious  wastes,  the  ixiteri;;]  criteria  were  applied  to  the  S'tXP  extracts 
conducted  on  the  five  overburden  samples  to  determine  if  the  cootaminaat  con* 
c:!r.*rttie:*3  :l'.s  Canccr'.triticr'.s  in  the  errtvact'  from 

four  of  the  five  samples  were  found  to  exceed  the  criteria.  Only  the  contomi* 

csncuatrati.,;as  in  the  i»XP  extract  on  the  cverburcieu  sai8pi.e  irem  coving 
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N'o.  70  did  not  exceed  the  criteria.  The  contaminants  identified  whose  concen¬ 
trations  in  the  extracts  from  the  other  samples  exceeded  the  criteria  are  as 
follows: 


Boring 

1 

11 

14 

31 


Contaminants 

Dieldrin,  Endrin 
Dieldrin,  Endrin 
Endrin,  organo-sulfurs 
Alarin,  Dieldrin 


iherefare, 


i.he  interim  criteria,  ser.s  to^^itive  ctntrol  cr  remo'/ai 


action  is  required  for  the  Basin  F.-sedi-ment  regardless  of  the  requirements 


imposed  by  Che  RCRA  regulations. 
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?.ur  IV: 


COMCmSIGSS  A:;0  X&COMMEyDATIONS 


Conclus Ions 


51.  The  conclusions  dravm  fron  the  evaluation  of  data  obtained  In  this 
study  are  as  follows: 

ji.  The  denth  of  overburden  found  above  the  liner  in  Basin  ?  varies 
from  0.65  to  1.3  ft._  Tnis  variation  is  probably  due  to  wind  ero¬ 
sion  and  deposition,  precipitation  of  salt  from  the  liquid,  and 
duapias  of  -..'asta  solids  into  the  Sasia.  Tlia  depth  of  sediment 
beneath  the  current  liquid  pool  will  probably  be  as  great  or 
greater  than  the  niaxlmua  depth  of  overburden  identified  in  this 
study  due  to  continued  deposition  of  material  as  the  f^tar  portion 
of  the  liquid  evaporates. 

la  general,  the  liner  in  Basin  F  in  the  study  area  is  in  good 
condition  with  the  exception  of  the  area  around  boring  Mo.  2. 

It  appears  that  the  asphalt  has  been  attacked  and  dissolved  in 
this  area.  Tiiarefore,  the  possibility  exists  that  there  may  be 
other  areas  in  the  Basin  not  investigated  in  this  study  in  which  . 
the  liner  hae  deteriorated. 

The  predominant  soil  groups  identified  as  underlying  the  Basin  7 
llr.ar  locluia  silty  jar.-’.?.  silts,  u.-.rl  ir.org.-.nlc  cl^ys. 

Inorganic  clays  become  more  predominant  with  increasing  depth. 

All  of  the  soil  types  identified  provide  some  capacity  for  ratain- 
i:ig  cone»mi:i3nt3  due  to  c'.ieic  cLzy  content  end  fine  grained  char-iC' 
terlstlcs.  Tlierefore,  of  the  eonc-iminants  passing  through  the 
liner,  sufficient  amounts  should  have  Iveen  retaineti  In  the  soil 
to  be  evident  in  the  tests  conducted. 

Contaffllnancs  found  in  the  SVLf  extracts  of  the  helow  liner  soil 
cores  In  excess  of  their  respective  action  level  concentration 
include  Aldrln,  Biuidrin,  Sndrln,  tsodrln,  organo-auifur,  RBG?, 
arsenic,  and  fluoride.  Borings  Mo.  I  and  2  in  "little  F"  bsd  the 
greatest  .miner  of  contamirjnts  in  the  extracts  foe  ail  intervals, 
la  general,  the  aotlu  ;:l:h  t’va  borlngiS  placad  rutalit 

of  "llttia  F*  were  not  found  to  he  htahlv  cohtaminnted. 


'No  particular  corralation  '.^as  found  between  contaminant  distribu¬ 
tion  and  soil  type. 

_f.  The  concentrations  of  contaminants  in  the  bulk  analyses  were  gen¬ 
erally  found  to  be  several  orders  of  magnitude  greater  than  the 
concentrations  in  the  SliLP  extracts  indicating  that  the  ST;!? 
extracted  only  a  small  percentaae  of  the  total  amount  of  each 
contaminant  present.  Therefore,  if  the  StTLP  is  assumed  to  simu¬ 
late  natural  leaching  conditions,  the  soils  and  overburden  repre¬ 
sented  by  the  samples  collected  in  this  study  could  potentially 
continue  to  serve  as  sources  of  contaminants  for  a  long  period 

0  »  w  .Q  • 

The  liquid  and  overburden  in  the  Basin  are  hazardous  wastes  sines: 
(1)  they  are  mi::tures  of  soxid  waste  and  one  or  more  hazardous 
wastes  specifically  identified  in  the  BCBA  regulations,  and  (2) 
the  liquid  and  or  ?■?  extract  of  the  overburden  have  been  pravl- 
ously  shown  to  contain  Endrin  in  excess  of  the  0.02  ppm  criteria 
and  tharafora  exhibit  tha  characteristics  of  S?  toxicity. 

]i.  Although  under  the  current  BCHA  criteria,  tbe  asphalt  liner  -jould 
probably  not  be  classiflad  as  hazardous,  it  would  be  impractical 
if  not  impossible  to  separate  the  liner  material  from  the  wnste 
materials  classiflsd  as  hazardous. 

Based  on  the  criteria  developed  by  USATtAMA,  the  soils  associate-! 
with  0.0- l.O  ft  and  1. 0-2.0  ft  intervals  at  borina  Mo.  2  fin 
"Llttla  F”)  were  the  only  underlying  soils  evtluacad  in  this  study 
Chat  were  determined  to  represent  a  contaminant  mlgr.ttion  source. 
T1i3  cnr.c.i.-.in-ncj  ionce-.'.tratlor’s  Ln  :.';e  S:.*!.’  a.-rtracts  w^ra 

found  to  exceed  the  criteria  Include  Aldrin,  Dlalirla,  Bndrln, 
and  Isodrin. 

Oont.amlnatlon  In  the  overburden  in  proyl.-lty  to  boring  site  Mo.  2 
was  probably  able  to  migrate  in  high  concentrations  into  the  undar- 
lying  soli  due  to  the  efeterioratsd  condition  of  the  liner,  tn 
the  other  areas  of  the  hesln  evaluated  in  this  study,  the  liner 
appears  to  have  -alntalned  sufficient  Inte-ifit/  to  saverl/  limit 
a.'.c'i  -Lv’t'itijn. 
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52. 

closure 


'ConcantratioRS  o*  certain  contaninanta  in  the  SX-iL?  extracts  of 
the  overburden  in  the  ^asin  e::ceede-.i  the  USAIHAMA  criteria 
and  thus  the  overburden  '■'/as  deterained  to  represent  a  contaminant 
migration  source  in  addition  to  bein>5  pravlousiy  identified  as  a 
hazardous  waste. 


ffecommenda cions 


The  following  recommeudacious  are  made  with  regard  to  the  eventual 
}f  3a3ln 


b. 


flnat  closure  alternative  cor.ai-Iorui  for  "join 


Si-.OUit 


address  the  removal  and/or  treatment  of  the  linuid,  overburden, 
and  liner  to  the  degree  required  under  the  ^CRA  regulation  in 
effect  at  that  cine.  In  addition,  positive  control  or  removal 
actions  should  be  Included  for  the  contaminated  soil  tmderiying 
the  liner  ia  'T-ittie  F."  If  removal  is  selected  as  the  appropri¬ 
ate  action  in  the  ''T.ittlc  F"  area,  the  soil  should  be  excavated 
to  a  mlniomm  depth  of  2  ft. 

As  the  liquid  pool  reaalniag  la  Basin  F  decreases  in  size,  addi-’ 
clonal  inves tigs  cions  should  be  conducted  in  that  area  to  deter¬ 
mine  the  extent  of  contamination  in  the  soil  underlying  the  liner 
at  that  point.  TXie  reeults  of  this  study  indicate  chat  a  simple 
physical  Imspecclon  of  t’ld  liner  ■•’ill  rroviic  .1  '.ndicntion 

of  potential  trouble  spots  without  additional  extensive  borln-, 
sampling,  and  analysis.  Future  investigations  should  be  concen- 
irttai  in  aroas  whor-j  zht  iia-ic  ia  fouud  :j  he  .la c-ir located  or 
breached. 


r. 
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SOIL  BORING  PROTOCOL  WITHIN  BASIN  F 
ROCKT  MOUNTAIN  ARSRNAL 


1.0  INTRODUCTION 
1.1  Overviev 

Rocky  Mounsaia  Arsenal  (RKA)  is  located  in  Coramerce  City,  Colorado,  north 
of  Denver  (Figure  1).  Since  its  establishment  in  1942,  R!iA  has  produced  numer*' 

ous  munitions  or  has  been  involved  in  the  dasilitarization  of  c.hemical  munitions. 
1946,  portions  of  the  manufacturing  facilities  at  RMA  were  leased  to  private 
industry  for  production  of  various  pesticide  materials.  Since  1952,  the  major 
lease  holder  nas  been  the  Shell  Oil  Comsany. 

On-site  industrial  waste  effluents  have  been  discharged  into  storage 
basins/ ia^otmdfflcncs  located  on  the  arsenal.  The  capacity  of  these  basins  was,' 
by  necessity.  Increased  over  time  in  order  to  accomodate  greater  volumes  rf 
waste  effluents  from  increased  on-site  production  activities.  On-site  storage 
lagoons  were  identified  as  Basins  A,  B,  C.  D,  £  and  F  (Figure  2). 

Basin  F  was  constructed  in  1955-1956.  This  basin  is  approximately  93 
acres  in  size  and  has  a  capacity  of  greater  chan  243,000,000  gallons.  Con¬ 
struction  of  Basin  ?  included  a  low  permeability  liner  to  prevent  chemical  waste 
infiltration  into  the  groundwater  system.  This  liner  consists  of  cacalytically 
blown' asphalt  with  an  additional  12-ineh  chick  sand  layer. 

Inically,  waste  input  to  the  basin  was  pumped  from  Basin  A.  Problems  as¬ 
sociated  with  storage  of  liquid  wastes  in  Basin  F  are  basically  as  old  as  the 
basin  itself.  Initially,  problems  encountered  were  due  to  overflow  of  liquid 

r. 

as  a  function  of  wind  induced  wave  activity  and  the  lack  of  riprap,  tears  in 
the  liner  were  also  found  and  after  pumping  some  of  the  basin  contents  into 
Basin  C,  the  liner  was  repaired  and  riprap  inscallad. 


Figure 


General  aap  of  R>1A  (Kolner  aod  Anderson,  197T] 


Currantly,  no  eriluenc  waste  streams  are  directed  to  Basin  7.  To  dace 
influent  to  the  basin  is  limited  to  infiltration  to  the  sever  line  which  orig¬ 
inally  fed  the  basin. 

Studies  of  and  in  relation  to  Basin  F  have  indicated  that  the  tom  liner  has 
been  exposed  to  liquid  waste  and  that  groundwater  contamination  has  occurred 
as  a  result  of  this  basin. 

Numerous  RMA  and  Basin  F  specific  remediatior.  scenarios  have  bean  proposed 
and  studied.  To  dace,  the  remediation  efforts  have  beer,  based  on  natural  liquid 
evaporation  of  the  basin  contents.  At  t.his  time,  the  liquid  in  the  basin  is  estima 
to  be  less  chan  50  million  gallons. 

The  purpose  of  this  effort  is  to  develop  a  boring/ sampling  protocol 

in  order  to  collect  below-liner  soils  to  quantify  the  degree  of  contamination, 
if  an*.,  and  depth.  This  effort  and  the  subsequent  leachate  analysis  programs'*, 
will  be  used  to  develop  the  design  cricaria  for  proper  closure  of  Basin  F. 

Liquid  Comnoslcion 

The  aqueous  wastes  present  in  Basin  F  are  primarily  the  result  of  on-site 
munitions  manufacturing  and  demilitarization  operations,  and  pesticide  manu¬ 
facturing  by  Shell  Oil. 

Major  components  'a  the  Basin  F  liquid  are  presented  la  Table  1  and  sedi- 
manced/solid  waste  constituents  are  presented  in  Table  2.  These  data  are  based 
upon  analytical  results  reported  in  August,  1978.  Concentrations  of  these  con- 
aj;icuents  in  the  aqueous  phase  may  be  higher  chan  listed  in  Table  1  as  a  function 
of  Che  volume  reduction /evaporation  processes  currently  underway.  Addictonaiiy , 
ocher  organic  constituents  have  also  been  aualitacively  confinse^  as  being  pre¬ 
sent  in  Basin  ?  liquid.  These  constituents  include  p-chlorophenylmechylsulf ide 


TABLE 


WASTE  3ASI^•  LIQUID  AN’ALTSIS 


COMPONENT  COMPONENT  ANALYSIS  RANG- 


PARTS  PER  BILLION 


Aldrin 

20 

- 

480 

Isodrin 

<1 

- 

17 

Dieldrin 

5 

- 

110  . 

Sndria 

<20  - 

PARTS  PER 

123 

MILLION 

Diisopropylmechylphosphonata 

6 

- 

55 

Diaechylmethylphosphonaca 

320 

- 

3,750 

p-Chlorophanylnechylsulfoxlde 

4 

- 

10 

p-ChlorcphanylmathyisulZone 

19 

- 

76 

Chlorlda 

47,500 

- 

57,300 

Sulfate 

20,300 

- 

32,500 

Capper 

709 

- 

760 

Iron 

5 

- 

13 

Nicrogeo 

112 

- 

130 

Orthophosphate 

99 

- 

131 

Hardness  (as  CaCO^) 

2,090 

- 

2,850 

Total  Solids 

140,000 

- 

174,000 

Fluoride 

110 

- 

U7 

Total  phosphorus 

2,060 

- 

2,170 

Arsenic 

1.0 

- 

1.3 

Magnesiua 

35.6 

- 

41.2 

Mercury 

0.026 

- 

1.53 

Cyanide 

1.44 

- 

1.53 

COD 

24,400 

- 

26,000 

TOC 

20,200 

22,800 

Ass^iir.  *nc  Hilaebranos, 
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WASTE  3ASI^•  SEDLMENT  ANALYSIS 


COMPONENT 

Aldrln 

IsodriQ 

Dieldrin 

Endrin 

DDT 

Dlisopropylmechylphosphonata 

Dlmacbyloechylphosphonaca 

p-Chlorophenylmechylaulfon« 

Copper 

Iron 

Total  Phosphate 


COMPONENT  A.NALYSIS  RANGE 
P.tJlTS  PER  MILLION 

16  -  10,700 

2  -  870 

4  -  3,600 

2  -  1,100 

<2  -  198 

1-10 

<1  -  82 

14  -  290 

230  -  21,000 

190  -  11,000 

<1  -  34,300 


(Source:  Aasells  and  Hlldebrandt,  1978} 
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Varying  concancrations  of  sooe  of  these  saoe  constituents  have  been  found 
in  surrounding  groundwater  monitoring  well  saoples  indicating  Sasin  F  as  a 
contasinant  source. 

3  Geologic  Character 

The  general  subsurface  conditions  in  the  vicinity  of  Basin  F  consist  of  a 
surface  fine  to  medium  grained  sand  chat  varies  in  thickness  from  less  than  one 
foot  to  as  much  as  fifteen  feat.  Underlying  this  surface  layer  is  a  clay-like 
silt  to  clay-like  sandy  silt  to  clay-like  sand  tnat  may  be  as  much  as  twenty 
feet  thick.  Underlying  this  sediment  is  coarse  to  very  coarse  sand  that,  in 
some  places,  is  quite  gravelly.  This  is  the  unit  chat  makes  up  much  of  the 
near-surface  aquifer  over  the  Arsenal  and,  in  the  vicinity  of  Basin  ?,  it  is 

S 

k 

saturated  in  the  lover  portions.  The  underlying  bedrock  is  predominantly  a 
mudstone  of  the  Denvar-Arapahoe  formation  that  varies  in  depth  from  about  thirty 
to  sixty  feat. 

This  underlying  bedrock  surface  is  the  subcrop  of  the  Faleocane  Denver 
formation.  The  Denver  formation  contains  clays  (or  clay  shalas),  sands,  silt- 
stone  and  sandstone  layers  or  lenses,  and  a  variable  thickness  (described  as 
being  up  to  lOO  feet)  basal  shale  (but  also  described  as  containing  sandy 
materials) .  The  shale  strata  is  part  of  the  Denver  formation  and  is  considered 
by  personnel  of  the  State  of  Colorado  Division  of  Watar  Resources  to  be  a 
"buffer  zone"  forming  the  basal  Denver  formation  which  overlies  the  Cretaceous 
Arapahoe  formation. 

In  Che  vicinity  of  the  basin,  the  bedrock  surface,  on  the  basis  of  the 
borings  around  the  reservoir,  appears  cz  have -little  relief  on  it  and  the  gen¬ 
eral  slope  on  that  surface  is  northward.  The  highest  bedrock  in  the  vicinity  of 
Basin  F  occurs  in  the  southeast  comer  where  depth,  to  bedrock  is  less  than  40  fee 


The  general  hydrogeologic  condicions  ac  Basin  ?  are  scheinacically  illus¬ 
trated  in  Figure  3.  This  illuscracion  assuaes  direct  leakage  from  the  basin 
and  presents  an  overs isiplified  description  of  the  existing  subsurface  soil 
conditions. 

In  order  to  understand  the  groundwater  conditions  in  the  vicinity 
of  Basin  F,  27  monitoring  wells  were  installed  around  its  perimeter.  These 
wells  are  used  for  both  water  quality,  as  referenced  in  section  1.2,  and  water 
level  determinations. 

the  groundwater  pattern  in  the  vicinity  of  Basin  F  based  upon  the  perimeter 
monitoring  wells  is  illustrated  in  Figure  4.  Additional  water  cable  (alluvial 
aquifer)  contours  for  the  region  north  of  the  basin  and  for  the  majority  of  the 
arsenal  as  a  whole  are  presented  in  Figure  5  and  6  respectively. 

The  principal  flow  component  underneath  Basin  F  is  in  a  northerly  dir¬ 
ection.  Along  the  north  side  of  the  basic  a  groundwater  divide  occurs  and 
results  in  two  principal  flow  components,  one  in  a  'north-westerly  direction 
towards  the  northwest  boundary,  and  the  ocher  in  a  northeast  direction  cowards 
Che  north  boundary.  Along  the  aasc  side  of  the  basin,  a  minor  northeast  flow 
component  occurs.  Minor  west  and  northwest  flow  components  also  occur  along 
south  and  southwest  areas  of  Basin  F,  respectively.  The  gradients  on  the  water 
cable  vary  between  a  high  of  about  0.04  to  less  than  0.002.  The  average  grad¬ 
ient  is  about  0.01.  The  steepest  gradient  occurs  in  the  vicinity  of  the  south- 
aasr  comer  of  Basin  F  and  may  relate  to  the  fact  chat  this  is  the  area  in 
which  the  fine  co  medium  grained  bedrock  sand  occurs. 
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figura  4.  Vacar  Table  tlavacions 
(Source:  Incarln  Report  on  Basin  F,  197S) 
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BORi:;.,/SA.^lti;G  f^jcRAM 

Tht  boring  And  sazspling  progratc  has  been  designed  :c  obtain  a  sufficient 
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nvM^tr  of  leU  luipXfti  tueh  ch«c  tt>«  ultiMts  fo«X  of  doveioping  «  design 
criccria  for  closure  of  Basin  ?  can  be  accomplished.  Tnerefore,  the  boring/ 
sampling  program  muse  be  a  cost  effective  and  erpediate  study. 

The  boring/saapling  program  consists  of  twenty  (20)  boring  sites  located 
within  Basin  ?  and  "-.ittle  ?'*  (Figure  T).  This  program,  as  presented  in 
greater  detail  in  a  later  section  of  this  report,  will  be  based  on  split  spoon 
sampling  to  a  depth  of  four  and  one  half  feet.  During  this  field  effort,  it 
is  estimated  chat  apprexiaacely  100  samples  will  be  generated. 

3.0  FIELD  PBOCEDURES 


3.1  Eateblishment  of  Seating  Area 


Prior  to  any  work  being  undertaken  within  the  fenced  area  of  the  basin,  a 
staging  area  immediately  ed^acenc  to  Basin  F  should  be  eetablished.  At  e  min- 
imum,  the  staging  area  should  include  the  necessary  equipment  end  materials  to 
be  used  for  one  dey's  activities.  This  area  should  also  be  located  in  close 
proximity  to  the  boring  sites  but  outside  the  fenced  ar'ea.  Possibly,  the 
buildings  located  adjacent  to  the  basin  could  serve  as  this  staging  area.  This 
area  will  also  serve  as  the  personnel  decontamination  cone  prior  zc  any  perscr.ne 
involved  in  the  boring  program  leaving  the  vicinity  of  the  basin  for  any  purpose 

It  is  anticipated  chat  this  staging  aresT^could  house  all  equipment  and 
supplies.  Additionally,  it  is  proposed  chat  a  truck  towing  a  small  water  tank 
will  accompany  the  personnel  responsible  for  the  actual  boring  work,  into  the 
basin  area  and  will  be  located  on  the  perimeter  road  as  close  to  the  working 
area/bore  hole  as  possible. 

The  actual  equipment  to  be  stored  in  the  staging  area  is  presented  in 
a  later  section  of  this  document. 
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3.2  E.srablish3ier.c  of  So-riag/Saaola  Locarions 

Prior  CO  any  boring  accivicias,  scakas/3;a7kars  vili  be  placed  at  the 
apprcxiaace  locacion  or  cbe  proposed  boring  sices  as  indicaced  in  Figure  7. 
Locacion  of  chc  boring  sices  vichin  Basin  ?  can  be  accomplished  using  a 
surveying  cape  and  a  Bruncon  compass.  Special  accencion  will  have  co  be  paid 
to  Che  sices  locacec  around  che  liquid  boundary.  These  boring  sices  muse  be 
locaced  as  near  co  che  liquid  boundary  as  possible. 

Upon  cocplecion  of  all  boring  accivicies,  che  exacc  locacion  and  elevacior. 
of  che  boring  sices  vill  be  escablishec  via  scandard  land  surveying  procedures. 


3.3  Bor ina/Sano ling  Procedures 


Upon  seeking /marking  of  che  bore  holes,  che  following  scep-by'-scep  pro> 
cedure  should  be  followed  to  collect  the  sub-liner  soil  samples.  The  following 
program  muse  be  strictly  adhered  to  in  order  co  avoid  any  cross  concaminacion 
of  samples  from  sludge  materials  above  the  liner  and/or  from  different  depths 
below  the  liner.  Failure  co  follow  these  procedures  could  produce  results  that 
would  indicate  a  greater  contamination  depth  than  actually  exists.  This  in¬ 
accuracy  due  CO  sampling  error,  could  easily  result  in  millions  of  dollars  of 
additional  remedial  expenses  if  excevecion  and  disposal  of  soils  beneath  che 
basin  acre  eventually  undertaker- 

STEP  1  Locate  boring  position  and  pre-label  all  sample  bottles /boxes 
prior  CO  actual  boring  accivicy'. 

STEP  2  Remove  all  overburden  (sludge)  down  to  che  asphalt  liner  within 
an  area  of  approximately  3'  in  diameter.  Use  extreme  care  so  as 
not  CO  break  che  liner  material. 
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1/2'  call  galvanized  steel  casing  into  but  not 


STE?  1 


STE?  5 


STEP  6 


SET? 


STE?  8 


STEP  9 


Sea:  a  24"  ID  x  1 
through  the  asphalt,  sealing  the  outside  contact  between  the 
casing  and  asphalt  with  bentonite 

Place  the  5'  x  5'  plwood  working  platforc  with  its  30"  center 
opening,  around  the  galvanized  steel  collar. 

Carefullv  clean  out  any  renaining  sludge  or  debris  within  the 
collar.  ^ 

If  nece3sar>*,  apply  absorbent  nacerial  inside  the  collar  to  re¬ 
move  any  liquid.  Throughout  the  bo ring/ sampling  operation, 
careful  attention  must  be  given  to  any  fluids  entering  the 
collar.  If  this  occurs,  add  additional  absorbent  and  remove 
with  a  small  shovel  or  similar  device.  v 

Construct  a  hole  in  the  center  of  the  asphalt,  enclosed  by  the 
collar.  This  hole  should  be  constructed  with  a  hard  auger  through 
the  asphalt  but  should  not  be  allowed  to  penetrate  the  underlying 
soils.  The  auger  used  ^or  this  purpose  s.hall  no:  be  used  for 
pxirposes  of  sample  collection. 

Sec  a  4”  ID  X  2'  SCB  40  PVC  flush  threaded  Joint  easing  through 
the  asphalt  and  into  the  soil.  This  step  and  later  steps  referencing 
PVC  casing  may  not  be  necessary  if  the  subsurface  soils  are 
capable  of  maintaining  the  integrity  of  the  hole  without  support 
Using  a  split  spoon  sampler  equipped  with  a  plastic  liner  and 
attached  to  an  A  or  AW  rod.  advance  the  split  spoon  I  1/2'. 
Advancement  of  the  split  spoon  will  be  actomplished  by  striking 
a  coupling  with  a  solid  tap  attached  to  tr.a  end  of  :ne  A  or  .AW  rod 
with  a  sledge  .-a.mmer. 


.na 


ST- 


STEP  11 


STTP  12 


ST£?  13 


STT?  14 


STS?  15 


Ascriave  the  soli:  sooon  with  the  use  of  pipe  wrenches  and 
twisting/ curnisg/pulling  the  split  spoon  and  A  or  AVT  rod  out 
of  the  boring.  If  recria\'ai  of  the  split  spoon  and  A  or.AW- 
rod  cannot  be  accomplished  with  the  use  of  pipe  wrenches,  it  can 
be  retrieved  bp  using  a  tripod  and  pulley  set  up. 

Place  the  portion  of  the  sample  retained  in  the  shoe  of  the  split 
spoon  into  a  vide  mouth  jar.  Remove  the  plastic  liner  from  the 
split  spoon  and  cap.  Label  both  the  jar  and  plastic  liner  as  to 
bore  hole  #,  sample  ?,  sample  interval  and  date.  Place  all 
pertinent  inforsation  including  sample  interval,  field  description 
and  sample  ntuaber  on  the  boring  log  for  this  location/sampling 
point.  -o 

With  a  wire  brush,  clean  off  all  soil  from  the  split  spoon  and 
any  other  eduipaent  or  utensils  used  in  obtaining  the  sample. 

Place  split  spoon  and/or  other  enuipmenc.  over  a  bucket  and  thoroughl 
rinse  with  water  and  then  acetone.  A  second  clean  split  spoon 
can  be  used  for  sampling  while  she  ocher  is  being  cleaned  in  order 
CO  hasten  the  sampling  process. 

Advance  the  bore  hole  with  a  hand  auger  to  the  base  of  the  split 
spoon  sample  interval  depth. 

Attach  another  2'  section  of  PVC  casing  onto  the  first  section. 
Throughout  the  boring  process  always  attach  the  next  section  of 
?VC  before  the  threaded  portion  of  the  casing  is  advanced  below 
Che  cop  of  the  collar.  This  procedure  is  necessary  In  case  She 
use  of  scrap  wrenches  is  needed  to  tighten  the  casing  sections. 


I 
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SrZ?  16  ‘Advance  ?VC  casing  co  botcon  of  hole.  Note  shar  casing  is 

settling  at  the  proper  depth.  If  not,  reaove  enough  soil  to 
set  the  casing  properly  and  remove  any  soil  debris  from  the  hole. 

STZ?  17  Advance  split  spoon  1  1/2  feet  and  remove.  Place  sample  within 

the  shoe  of  the  split  spoon  into  sample  jar  and  cap  plastic  liner. 
Follow  labelling  and  logging  procedures  as  outlined  above. 

STZP  18  Follow  cleaning  procedures  presented  in  Steps  12  and  13. 

STIP  19  .Wvance  PVC  casing  as  described  in  steps  15  and  16. 

STS?  20  Continue  sampling  procedure  as  presented  in  step  17  until  field 
analytical  results  Indicate  sampling  can  be  terminated  or  at  a 
maximum  depth  of  4  1/2  feet. 

STZ?  21  Upon  completion  of  the  bore  hole,  move  samples  co  the  staging 'area. 

STEP  22  AC  Che  staging  area,  .  tograph  each  split  spoon  sample  using  a 
35  mm  camera  attached  to  a  tripod.  Describe  the  physical 
characteristics  of  the  sample  recording  this  description  on  the 
boring  log. 

STEP  23  Obtain  samples,  at  least  100  grams,  from  0,  1’,  2',  3',  4'  depths 
sad  at  any  depth  where  a  noticeable  lithological  transition  occurs. 
Place  each  sample  inc;  side  mouth  jars.  Label  each  jar  as  to 
bore  hole  sample  sample  interval  and  dace.  Seal  sample  jar 

with  custody  cape  and  Initiate  chain  of  custody  sheet.  Wrap 
remaining  split  spoon  sample  and  label  as  co  bore  hole  sample 
Interval  and  dace. 

STEP  24  Place  sample  jars  and  remaining  split  spoon  sample  In  labelled 
5CX  and  in  an  ice  chest.  Maintain  samples  under  refrigerated 


conditions . 


3 . 4 


Sar::;le  Custody 

Upon  collection  of  subsurface  Basin  F  soil  sasples  each  subsamole  will 
be  placed  in  pre-cleaned  and  labelled  glass  jar.  .'=i.ll  jars  should  be  sealed 
with  custody  tape  and  immediately  placed  within  an  ice  chest  for  eventual 
sample  shipment. 


After  sample  collection,  all  pertinent  information  should  be  immediately 
logged  on  the  chain  of  custody  rfcord  sheet.  An  example  chain  of  custody  form, 
which  in  this  or  a  modified  fans  would  be  useable  for  this  purpose,  is  appendiced. 
It  is  anticipated  that  each  boring  location  would  utilize  a  separate  custody 
sheet.  Upon  coispletion  of  each  boring  the  sheet  must  be  signed  by  the  sampler 
and  maintained  with  the  samples.  Upon  relinquishing  the  samples,  the  shipper 
should  sign/date  the  first  "received  by”  block  on  the  form  and  the  sampler  '• 
should  also  sign  the  first  "relinquished  by"  block.  If  as  is  often  the  ease, 
the  shipper  does  not  agree  to  sign  the  custody  form,  this  should  be  so  noted  in 
Che  "comments"  block.  The  fore  would  then  be  placed  inside  the  ice  chest  and 
the  chest  Itself  should  then  also  be  scaled  with  custody  tape. 

If  the  shipper  agrees  to  signing  the  fora,  the  fora  should  be  afixed  to 
the  outside  of  the  ice  chest  where  the  receiving  parr.'  could  retrieve  and  sign 
upon  receipt.  It  is  also  necessary  at  this  time  for  the  shipper  to  re-sign 
the. form  in  the  second  "relinquished  by"  block. 

If  the  shipper  did  not  agree  to  sign  the  docxmient,  the  receiving  party 
should: 


1)  examine  the  custody  tape  on  the  chest 

2)  remove  the  custody  cape  or.  the  chest 

3)  note  in  the  comment  block  the  condition  of  receipt  (iee  chest 
and  individual  sample) 


Xt  this  time,  with  or  without  the  signature  of  the  shipper,  the  third  copy  of 
the  fora  s.hsuld  be  returned  ts  the  sampler/ firm  responsible  for  sampling.  The 
original  should  accompany  the  samples  until  disposal  of  or  arahivts  with  the 


second  copy  being  maintained  by 
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the  sample  custodian  receiving  the  sample  shipment 


STZ?  5  UpoTi  coaplericP.  of  ihe  grouciog,  cha  numbered  stake  should  be 


re-established  into  the  cetnent/benconite  grout.  Upon  completion 
of  all  bore  hole  closures,  the  exact  location  and  elevation  will 
be  determined  via  standard  surveying  techniques. 

STS?  6  Clean  all  equipment  according  to  the  procedures  outlined  in 

Section  3.4.  Remove  used  ?VC  casing  and  store  separately  uithin 
the  confines  of  the  fenced  area  of  Basin  ?.  Empty  waste  solvent/ 
wastewater  into  a  waste  solvent  container.  Collect  and  inventory* 
all  equipment. 


RseMA  RcsaMieN.  ine, 


-21 


PROCEDURES 


4 . 0  SAFE7E 

?ro3  both  a  safety  and  cperarions  pcint  of  viev  the  above  progras  vill 
involve  a  full  tiae  conaizaenr  of  an  least  three  (2)  people  for  the  duration  of  th 
boring/saapling  prograa.  Only  personnel  well  trained  and  eocperienced  in 
decontamination/ safety  procedures  should  be  enployed  for  purposes  of  completing 
this  work  effort. 

.411  personnel  will  wear  the"  fcllowinc  equipment  duri.nq  all  ti.mas 
within  the  fenced  area  of  Basin  P: 

1)  steel  toe  boots 

2)  disposable  all  purpose  coveralls 

3)  knee  high  rubber  boots 

i)  cotton  gloves 

5)  plastic /rubber  cversloves 

6)  hard  hat 

7)  full  face  cartridge  type  respirator 

If  for  any  reason  personnel  must  leave  the  area,  standard  personnel 
decontamination  procedures  including  removal  of  and/or  disposal  of  protective 
equipment,  washinq  etc.  will  be  accomplished.  .411  respirator  cartridges  will 
be  replaced  on  a  daily  basin  or  whenever  odors  are  detected.  No  eating,  smoking 
or  chewing  will  be  allowed  when  personnel  are  within  the  fenced  area  of  Basin  E. 

All  disposable  supplies  and  equipment  should  be  deposited  in  a  55  sailor,  drum 
for  eventual  disposal  either  on-  or  off-site  based  upon  the  currant  R2IA  policy. 

Additionally,  prior  to  beginning  any  work  at  the  basin,  an  emergency 
communication  network  should  be  established  with  the  arsenal's  security  staff. 

The  staging  area  will  hold  the  supply  of  cnose  safety  articles  previously 
mantionec  and  will  also  house  ancillary  safety  items  i.tsludai  1.-.  the  aquipme.tt  lis 
provided  in  section  5.  Specifically  the  required  ancillan*  eouipment  will 


/ 


include  Scoct  air  paci'.s.  first  aid  kit,  eye  ■••..ish  bottles,  fire  extinruisher ' s ;■ 
and  spray  attachnent  for  water  -arJ:  to  be  us“l  ir.  the  case  of  enerceny.*. 

Special  attention  must  be  paid  to  the  c'-ntrol  of  contaoinant  materials 
on  personal  clothing  upon  daily/final  depart';r*  of  che  site  area  and  regularly 
worn  clotting  and/or  articles  such  as  wacchb'*-'’^s>  and  hard  hat 
liners. 

3.0  LIST 

The  following  equipment  list  assures  a  =»uitabie  staging  area  and  a  truck,' 
vehicle  capable  of  pulling  a  portable  water  « ank  and  holding  necessary  ancillarv 
supplies. 


3.1  Survev/Ma 

rker  Scuioraent 

a. ) 

Brunton  compass 

b.) 

100'  steel  surveying  tape 

•  •  / 

Survey  equipment  iasludiaqr  tri-pod,  transit  and  stadia  rod 

d.) 

Stakes  (40)  and  flaqs 

S.2  Borins/Samnli.ne  Eouitmer.t 

a. } 

S'  X  5'  X  3/4"  plywood  with  c'^ntered  2-1/2'  diameter 

hols 

b.) 

2'  sections  of  4"  l.C.  SC-:  4"  WC  flush  joint  casino 

(70)* 

c. ) 

3-1/4"  cylinder  diameter  rec»«l*-  hand  auger  heed  (3) 

d.) 

Cross  handle  for-  auger  (2) 

*. ) 

Auger  extensions 

-  4'  extension  (1) 

-  3'  extension  (1) 

-  2'  extension  >2) 

z.)  i-1/2'  sections  of  2'  2.3.  galva-oiosc  soaal  casino  (23  5 

c.)  Portable  water  tank  (15 

h.  )  Absorbent  raatarials  (50  lbs.) 

i. )  Ice  chests 

j. )  Reagent  grade  acetone  (5  gallo.ts) 

k. )  Waste  solvent  container  (1)  . 

l. )  Tripod  (1) 

tc. )  Pulley  and  rope  with  snap  hook  (1) 

n. )  Solit  spoon  sampler  with  basket  shoe  and  coupling  to  attacn  to 

A  or  AW  rod  (2) 

o. )  Plastic  tube  inserts  for  center  section  of  split  spoon  (ISC') 

and  caps  (120) 

p. )  A  or  AW  rods  v 

-  o'  section  (1) 

-  3'  section  (1) 

-  2'  section  (2) 

q. )  Threaded  couplings  for  A  or  AW  rods  (4) 

r. )  Coupling  for  A  or  AW  rods  with  solid  top  (3) 

a . )  Coupling  for  A  or  AW  rods  with  ring  attachment 

t. )  1*  wire  or  rope  with  snap  hooka  at  each  end  (1) 

u. )  Wash  bottles  (4) 
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Missellaneous  tools  and  supplies 


-  boring  logs 

-  chain  of  custody  record  and  sealing  tape 

-  pens,  pencils,  magic  marker,  chalk  and/or 

-  wide  mouth  bottles  (2  gross:  precleaned) 

•>  bottle  labels 

-  14"  pipe  wrenches  (2) 

-  machinist  files  (2) 

-  1  lb.  sledge  hammer  (2) 
o  6  lb.  sledge  hammer  (2) 

-  3"  screw  driver  (2) 

•  wire  brushes  (2) 

.  cleaning  brushes  (2) 

*•  hammer  ( 2 ) 

-  hack  saw  (1)  with  blades 

-  putty  knife  (1) 

-  strap  wrenches  (2) 

-  coal  shovels  (2) 

-  wisk  brooms  (2) 

-  hand  spade  .(1) 

>  S  gallon  buckets  (3) 

»  Id'  retractable  carpenter  tape  (2) 
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crayons 
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ec'jipneni 


w.^  photographic 

-  25ccr.  camera  with  flash  attachjnent 

-  encir.ear  scale  or  equivalent 

-  tripod 

-  close-up  extension  device 

*  Note:  If  during  the  advancement  of  a  hcla  the  use  of  casino  cs  not  necassa 
to  maintain  the  integrity  of  the  hole,  the  ?vc  casino  may  he 
eliminated. 

> 

Closure  Susoliea  and  Souisment 

In  additio.n  to  equipment  and  supplies  already  availahla  as  a  function 
of  the  boring/sa.mplinc  procedure,  the  following  is  required: 
a.)  Portland  Cement 
2.;  Bentonite 

c.)  Trough  for  mixing  of  cement,  bentonite  and  water 


d.)  1"  diameter  wood  dowel  {6') 


)  Knee  high  rubber  bpo-cs 


c. )  Cocron  gloves 

d. )  Plascic/rubber  overgloves 

e .  )  Hard  hacs 

f. )  Hard  hat  liners  ^ 

c.)  ?ull  face  resoirators  with  supply  of  reolacement  cartridges 

h.  )  Open  top  23  gallon  dcua 

i. ;  Scott  or  e^ivalent  air  packs 

j. )  First  aid  leit 

k .  )  Eye  wash  (25 

l. 5  Fire  extinguisher (s) 

m.  }  Saergency  shower/spray  attachment  for  water  tank 


"An  Analyses  of  che  Subsurface  Invescigarions  Conducted  Around  Basin  F"; 

Rocky  Mountain  Arsenal;  March  1978. 

"Basin  F  Concainaenc  Hydrogeology  Assassaenc";  Geotechnical  Laboratorj'; 

August  1979. 

Buhcs,  Robert  S.  and  Noman  Francingues;  "Basin  ?  Investigative  Studies"; 

Froblea  Definition;  Final  Report. 

Buhts,  Robert  E. ,  Norman  Francingues  and  Andrew  Green;  "Basin  ?  Investigative 
Studies";  Historical  Review;  June  1979. 

"Contaaination  Control  Strategies  for  Rocky  Mountain  Arsenal";  Interia  Report; 
August  1981. 

Departaent  of  the  Army;  "Installation  Restoration  at  Rocky  Mountain  Arsenal  - 
Part  II";  August  1980. 

"Ir.vastiaation  of  Basi.n  T  Solution  Alternatives";  Project  No.  RM8C-192;  Rocky 
.Mountain  .Arse.nai;  November,  1930. 

Koiaer,  Joseph  and  Gerald  A.  Anderson:  “Installation  Restoration  of  Rocky  Mounta 
Arsenal,  Fart  I  -  Pilot  Contai.taent  Operations";  Department  of  the  Army;  July 

"laboratory  Evaporation  Studies  of  Rocky  Mou.itain  Arsenal  Basin  F  Fluid"; 

Test  Suonnary;  December  1979. 

McRown,  Dr.  Gary  L.  and  Dr.  Lee  G.  Taft;  ".Alternatives  for  Reducing  che  Liquid 
Portion  of  the  Contents  of  Basin  F,  Rocky  Mountain  Arsenal":  Report  ?fDRl.iri- 
1S-CR-S0039;  November,  1980. 

.Miller,  Samuel  ?.;  "Geotechnical  Containment  Alcamatives  for  Industrial  Waste 
Basin  F";  Technical  report  GL-79-23;  September,  1979. 

Thompson,  Douglas  W.  and  Paul  Law;  "Basin  F  North  Boundary  Area";  Volume  II; 
Draft  Report;  October,  1979. 

Zabell,  Robert;  "Basin  F  North  Boundary  Area";  Volume  I;  Geotechnical  Defi¬ 
nition;  1979. 


APPENDIX  B:  BASIN  F  BORING  LOGS 
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MEMORANDUM  TO:  ALL  RMA  IR  PROGRAM  PARTICIPANTS  INVOLY0  IN  SOIL  CONTAMINATION 
DETERMINATIONS 

SUBJECT:  Protocol  to  Oetorrrfne  Migration  Potential  of  Contaminated  Soils  (Solid 
Waste  Leaching  Procedure) 


1.  Objective:  To  establish  program  policy  for  the  determination  of  migration 
potential  of  contaminated  soils  at  RMA. 

2.  Discussion; 


a.  Problem  definition  studies  performed  to  date  at  RMA  have  been  oriented 
to  (1)  define  the  extent  of  ground'Mter  pollution  beneath  the  Arsenal  and  (2) 
locate  its  primary  sources.  Through  guidance  from  the  State  of  Colorado,  the 
"action  level"  for  these  studies  have  been  set  to  be  drinking  water  criteria 
established  by  EPA  or  the  State,  whichever  Is  more  stringent.  Development  of 
Government  control  strategies  for  the  migration  pathways  is  initiated  when 
groundwater  contamination  reaches  the  aforementioned  "action  level." 

b.  Difficulty  arises  when  one  examines  the  source  areas  to  detarmlne  the 
extant  (area  and  volume)  of  contaminated  material  that  should  be  controlled. 
Historical  records  are  often  imprecise.  Groundwater  surveys  typically  are  not 
detailed  enough  to  locate  accurately  the  point  of  pollutant  introduction  into 
the  aquifer.  Lastly,  due  to  the  lack  of  corresponding  "action  levels"  for  pol¬ 
lutants  in  soil,  any  previous  soil  sampling  has  been  only  exploratory  at  best. 

c.  Various  regulatory  agencies  have  wrestled  with  the  preceeding  lack  of 
soil  criteria  for  several  years.  To  date  no  state  or  federal  guidance  has  been 
promulgated  addressing  this  specific  issue.  The  closest  regulatory  attempt  has 
been  the  batch  leaching  acceotablli^  protocol  (EP  Toxlcl^  Test)  for  hazardous 
wastes  in  the  implementation  guidelines  to  the  Resource  Conservation  Recovery 
Act  (inclosures  1  and  2).  Discussions  with  EPA  reveal  that  the  EP  toxicity  test 
may  be  the  closest  soil  contamination  criteria  industry  and  Government  will 
receive  for  some  time.  Severe  research  and  development  funding  cut  backs  In  EPA 
has  delayed  ongoing  research  in  this  area. 


d.  Formulation  of  FY82  program  plans  for  the  RMA  IR  project  has  resulted  in 
the  immediate  need  to  apply  a  protocol  to  Investigate  If  select  contaminated 
soils  on  the  Arsenal  represent  a  migration  source.  Similar  requirements  at 
other  USATHAMA  IR  sites  necessitated  a  raoid  review  of  current  regulatory 
statutas  to  establish  interim  USATHAMA  policy.  The  USATHAMA  Technology  Division 
performed  the  assessment  with  support  from  Field  Systems,  Industrial  Systems  and 
Environmental /Safety  Divisions.  Inclosure  3  represents  their  guidance  on  the 
subject  issue  until  such-  time  regulatory  agencies  promulgate  appropriata 
criteria. 


• 
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SVBJKi..  Protocol  to  Determine  Migration  Potential  of  Contaninatad  Soils  (Solid 

Waste  Leaching  Procedure) 

e.  To  place  the  inclosed  Battel le/E?A  soil  leaching  protocol  into  its 
proper  frame  of  reference  on  the  RMA  IR  project,  the  following  categorization  of 
available  extraction  techniques  and  their  use  is  provided: 

r 

TABLE  1 

■ 

EXTRACTIOM  TECHMIQUE 

USE 

Z<'4 

1.  Solvent  Extraction 

Laboratory  analytical  technique  to^ 
qualitatively  determine  ^pes  of 
organics  within  a  solid  waste* 

2.  EP  Toxicity 

Protocol  to  determine  if  a  waste  is 
hazardous  under  RCRA.  Alternately,  a 
technique  to  assess  whether  a  treated 

RCRA  waste  still  is  considered  hazard¬ 
ous.  Assumes  disposal  in  a  municipal 
landfill. 

9 

3,  Solid  Waste*  Leaching  Procedure 
(SWLP) 

Protocol  to  determine  whether  a  solid 
media  has  the  ability  to  leach  a  con¬ 
taminant  at  a  level  requiring  control 
strategies  to  be  employed.  Assumes 
waste  material  remains  contained  under 
in- situ  conditions. 

/ 

. 

♦NOTE:  "Solid  Waste"  refers  to  a  solid  media  containing  or  having  a  potential 
to  contain  process  wastes  from  Arsenal  operations. 

f.  Three  tasks  within  the  FY32  PJiA  IR, project  are  anticipated  to  require 
use  of  a  solid  extraction  technique.  A  listing  of  those  tasks  keyed  against  the 
probable  extraction  protocol  follows; 

-* 

TABLE  2 

TASK 

SOLVENT  EXTRACTIOM  EP  TOXICITY  SWLP 

Basin  F  Soil  Contamination  Survey 

X  X 

Basin  F  Solidification  Study 

X  .  X 

Potential  Source  Area  Definition 

X  X 

1 

G.  The  rationale  used  by  SPA  for  selecting  a  100  fold  attenuation  factor, 
between  the  point  at  which  tlie  leachate  leaves  the  waste  media  and  the  point  of 
human  or  environmental  exposure,  is  well  documented  at  inclosure  1.  EPA  recog¬ 
nized  that  choosing  an  attenuation  factor  which  reasonably  represents  the  amount 
of  attenuation  likely  to  occur  in  the  real  world  was  one  of  the  most  difficult 

:1 

• 
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Protocol  to  Determine  Migration  Potential  of  Contaminated  Soils  (Solid 
Waste  Leaching  Procedure) 

problems,  faced  in  formulating  any  extraction  protocol.  Specific  site  parameters 
greatly  control  the  degree  of  natural  forces  acting  on  the  leachate.  All  things 
considered,  however,  EPA  decided,  pending  the  completion  of  further  studies,  to 
adopt  an  “across-the-board"  attenuation  factor  of  100. 

h.  USATHAMA  concurs  with  EPA's  aooroach  of  adopting  an  interim  attenuation 
factor  of  100  until  RMA  site  specific  data  can  be  reviewed  to  establish  a  more 
accurate  factor.  Upon  updating  of  the  general  attenuation  factor,  the  State  of 
Colorado  will  be  approached  for  concurrence.  As  long  as  the  leaching  procedure 
itself  does  not  change,  a  re-assessment  of  the  leachate  data  can  always  be 
undertaken  at  a  later  time  with  the  new  attenuation  factor.  The  above  100  fold 
factor  would  be  applied  against  all  drinking  water  standards  now  in  effect 
(inclosure  4). 

i.  Modification  to  the  SWLP  to  focus  on-site  specific  conditions  has  been 
permitted  by  allowing  tayloring  of  the  leaching  medium  pH  and  number  of 
sequential  extractions. 

(1)  pH  of  the  leaching  medium  nay  be  altered  from  in-situ  conditions  if 
it  is  felt  that  anomallus  natural  phenomena  (e.g.,  acid  rains)  would  be 
encountered  at  the  site.  For  the  case  of  RHA,  this  phenomena  is  a  real 
occurrence  and  should  be  Incorporated  into  t)ie  leaching  procedure  for  near 
surface  soils. 

(2)  Sequential  extraction  steps  simulate  repeated  penrulation  events  at 
a  site.  Its  use  at  a  recent  contamination  spill/landfill  site  would  be  a 
valuable  tool  in  providing  a  qualitative  estimate  of  the  degree  (increasing, 
decreasing,  or  steady  state)  of  future  leaching.  However,  its  use  at  a  historic 
site  would  appear  to  be  marginal.  Each  task  manager  should  consider  the 
usefulness  and  cost  effectiveness  of  sequential  extractions  within  their  tasks. 

j.  If  there  are  any  questions  regarding  this  policy  during  implementation, 
please  contact  the  undersigned  at  ext  2041. 


4  Incl 
as 


DOHALO  L.  CAMPRELL 
Senior  Project  Engineer 
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£  Section  281^4  (CharactaritUe  ofEP 
Toxicity) 

There  is  persuasive  evidence  that  the 
caniaminalion  of  groundwater  through 
the  leaching  of  waste  contaminants  from 
land  disposed  wastes  is  one  of  the  most 
prevalent  pathways  by  which  toxic 
waste  constituents  migrate  to  the 
environment.  EPA's  diimage  flies 
contain  numerous  incidents  of 
groundwater  pollution  resulting  from  the 
indiscriminato  dumping  and  improper 
landniliiig  of  wastes.  Additionally,  the 


le^slative  history  of  RCRA  is  replete 
with  indications  that  such  groundwater 
contamination  was  one  of  Congress' 
primary  areas  of  concern.  In  the 
proposed  regulation.  EPA  addressed  this 
problem  by  developing  a  test  procedure 
called  the  Extraction  Procedure  (EP] 
designed  to  identify  wastes  likely  to 
iMch  hazardous  concentrations  of  '  ; 
particular  toxic  constituents  into  the 
groundwater  under  conditions  of 
improper  management.  Under  this 
procedure,  constituents  were  extracted 
tom  the  waste  in  a  manner  designed  to 
simulate  the  leaching  action  that  occurs 
in  landHlIs.  This  extract  was  then 
analyzed  to  determine  whether  it 
possessed  any  of  the  toxic  contaminants 
ideniined  in  the  National  Interim 
Primary  Drinking  Water  Slan-^-ards  .  ' 

(NIPOWS).  If  the  extract  contained  any 
of  the  contaminants  in  concantrations  lOO 
times  greater  than  that  specified  in  the 
National  Interim  Primary  Drinking  ;; 
-Water  Standards,  the  waste  was  -'.rSZ' 
conaidered  to  be  hazardous. 

Lika  other  test  procedures  employed  ’• 
to  identify  hazardous  characteristics,  the 
EP  was  intended  to  sarve  as  a  quick  test 
for  identifying  wastes  which  are  capable . 
of  posing  a  substantial  present  or  ..■•■(- 
potential  hazard  when  improperly  ;a  • 
managed.  Consequently,  in  devising  the 
test.  EPA  necessarily  had  to  make  - 
certain  assumptions  about  tha  improper 
management  to  which  toxic  wastes 
capable  of  contaminatina  groundwater . 
are  likely  to  be  subfected.  In  making 
.  sach  assumptions,  EPA  believed  it 
important  to  employ  a  reasonably 
conservative  mismanagement 
scmiario^in  view  of  the  statutory 
mandate  to  protect  human  health  and  ' 
the  environment,  the  broad  statutory 
definition  of  hazardous  waste  and  also 
because  the  phenomenon  of  long  term  -  - 
leaching  is  only  incompletely  / 

understood.  On  the  other  hand.  EPA  ' 
cotisidered  it  important  not  to  utilize  a 
wholly  implausible  mismanagement 
scenaria  since  by  doing  so  it  would  end 
op  regulating  as  hazardous  those  wastes 
which  were  quite  uniikaiy  to  ever  causa 
a  problem. 

The  result  of  theso  deliberations  was 
a  dedsion  to  model  the  EP  upon  a  . .  - 
Biism.magemeni  scenario  for  toxic 
wastes  which  constitutes  a  prevalent'  ' 
farm  of  improper  management<~flamely. 
the  coHiisposal  of  toxic  wastes  in  an 
actively  decomposing  municipai  landfill 
which  overlies  a  groundwater  aquifer. 

EPA  realized  in  making  its  eoKlisposai 
assumption  that  actively  decomposing 
municipal  waste  landfills  generate  more 
aggressive  leachate  media  than  other 
iandmis  and  thus,  that  its  assumption 
was  a  relotiveiy  conservative  one.  U 
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n'evertheles*  believed  the  co-disposal 
assumptio"  to  be  reasonable,  first, 
because  wasie^  are  customarily 
landfilled,  second,  because  most 
categones  of  waste  have  the  potential  to 
be  disposed  of  in  municipal  waste 
landfills,  third,  because  the  predicted 
degree  of  contaminant  concentration  in 
leachate  could  occur  with  respect  to 
wastes  which  are  not  likely  to  be 
.disposed  of  in  municipal  landfills  and 
fourth,  because  Congress  e.xpressed 
particular  concern  about  the  disposal  of 
toxic  wastes  in  municipal  landHlls.  EPA 
also  realized  its  assumption  that  the 
landfill  overlies  a  groundwater  aquifer 
was  a  relatively  conservative  one.  It 
believed,  however,  that  this  assumption 
was  consistent  with  its  concern  for  the 
disposal  of  wastes  in  environmentally 
sensitive  areas  and  with  the  fact  that  a 
groundwater  body,  once  contaminated, 
may  remain  contaminated  for  a  number 
of  years.  Furthermore,  it  believed  this 
assumption  to  be  somewhat  mitigated 
by  its  further  assumption  that  there 
would  be  some  attenuation  in  the 
concentration  of  toxicants  in  the 
leachate  between  (he  point  the  leachate 
leaves  the  disposal  site  and  the  point  the 
toxicants  reach  environment.'- . 
receptors.  .  ••  • 

Taking  these  assumptions  as  its 
framework.  EPA  developed  the  £P  test 
to  simulate  the  physical  prccesses  which 
would  occur  in  an  actual  landfill 
characterized  by  these  assumptions.  To 
'  simulate  the  acidic  leaching  medium 

-  which  occurs  in  actively  decomposing 
municipal  landfills.  EPA  chose  to 
employ  an  acetic  acid  leaching  medium 
with  a  pH  of  S.0  (±0-2).  To  simulate  the 
leaching  process.  EPA  specified  a 
procedure  requiring  mi.xing  of  the  soiid 

-  component  of  the  waste  with  the  acidic 
leaching  medium  for  a  period  of  24 
hours.  To  duplicate  the  attenuation  in 
concentration  expected  to  occur 
between  the  point  of  leachate 
generation  and  the  point  of  human  or 
environmental  exposure.  EPA  applied  a 
dilution  factor  of  lO'to  the  concentration 
of  toxic  constituents  observed  in  the  test 
extract. 

EPA  was  convinced  that  the  proposed 
EP  represented  a  valid  end  acceptable 
test  for  identifying  wastes  likely  to  leach 
toxic  constituents  into  groundwater.. 
Because,  however,  this  test  was  . 
innovative  in  character  and  reflected  a 
fair  amount  of  groundbreaking  inquiry,  it 
drew  the  greatest  response  from  the 
public  of  all  the  test  protccols  utilized  in 
identifying  the  characteristics.  The  most 
Important  of  these  comments  are 
discussed  below. 

A  number  of  commenters  expressed 
disagreement  with  EPA's  proposed  use 


of  a  tO-foid  dilution  factor  to  cslculate 
the  attenuation  in  toxicant 
concentration  expected  to  occur 
between  the  point  at  which  the  leachate 
leaves  the  waste  and  the  point  of  human 
or  environmental  exposure.  Some 
commenters  thought  that  the  lO-fold 
dilution  factor  was  too  liberal  and  that 
no  dilution  factor  would  be  more 
appropriate.  The  majority  felt  that  the 
10-foid  dilution  factor  was  too 
conservative  and  tnst  a  higher  dilution 
factor  would  be  more  appropriate. 

Choosing  an  attenfuation  factor  which 
reasonably  represents  the  a.mount  of 
attenuation  likely  to  occur  m  the  real 
world  was  one  of  the  most  difficult 
proble..is  EPA  faced  in  formulating  the 
EP^  problem  which  reflects  in 
microcosm  many  of  the  difficulties  of 
modeling  complex  physical  processes 
with  a  short  term  test  As  leachate 
migrates  vertically  from  the  landfill  site 
towards  the  groundwater  strata,  a 
number  of  attenuating  processes  can 
occ’ir->inciuding  adsorption,  absorption, 
ion  e.xchange.  filtration,  and  dilution. 
When  the  leachate  enters  the 
groundwater  zone  its  movement  changes 
from  vertical  to  horizontal  and  it  will 
tend  to  form  a  slug  or  plume  of 
contaminated  wa;er  rather  than  mix 
generally  with  the  groundwater  flow. 
This  plume  of  contaminants  may 
experience  same  dilution,  depending  or 
the  local  geoiogy,  the  groundwater  flow, 
and  the  nature  of  the  contaminants. 

Once  the  plume  of  contaminated  water 
is  drawn  into  a  pumping  well  soma 
further  dilution  tends  to  take  place, 
depending  upon  the  amount  of  water 
withdrawn  and  the  rate  at  which  it  is  . 
withdrawn.  Unfortunately,  all  these 
attenuation  mechanisms  are  dependent 
upon  site  spectfic  conditions.  While  - 
some  sites  may  exhibit  attenuation  of 
SOO-fold.  others  will  exhibit  very  little 
attenuation  at  all.  .Moreover  over  time,  a 
site  that  ongtnally  exhibits  SOO-foid 
attenuation  may  become  so  saturated, 
that  the  attenuation  mechanisms  no 
longer  work  and  the  site  begins  to  Hush 
at  the  same  rate  at  which  it  is  charged. 

In  order  to  formulate  a  reasonable 
dilution  factor.  EPA  assumed  in  the 
proposed  regulations  that  leachate  from 
the  landfill  passed  unattenuated  through 
the  soil  underlying  the  landfill  to  the 
groundwater  zone  and  that  drinking 
water  wells  were  situated  SOO  feet  down 
gradient  from  the  landfill  site.  Relying 
on  projociions  from  a  maihemalical 
model  which  incorporated  these 
assumptions  and  on  empiricul  data  from 
field  analyses.  EP.^  concluded  that  a 
dilution  factor  of  10  was  a  conservative, 
but  reasonable,  figure. 


EPA  has  had  an  opportunity  to 
carefully  re-evaluate  its  original  choice 
of  a  dilution  factor  and  is  now  of  the 
opinion  that  the  lO-fold  dilution  factor 
was  inappropriate.  A  number  of 
considerations  have  prompted  it  to  come 
to  this  conclusion.  In  the  first  place.  EPA 
is  concerned  that,  while  the  dilution 
factor  plays  a  critically  important  role  in 
determining  the  scope  of  coverage  of  the 
EF.  there  is  relatively  little  empirical 
data  upon  which  to  base  such  an 
attenuation  factor.  It  is  consequently 
somewhat  troubled  by  its  assumption 
that  the  soil  underlying  the  landfill  is  a 
delay  mechanism  only  and  that  there  is 
no  attenuation  in  the  concentration  of 
toxic  contaminants  between  the  point  of 
actual  ieac.hate  generation  and  arrival  at 
the  groundwater  aquifer.  Second,  in 
view  of  this  uncertainty.  EPA  attaches 
some  importance  to  the  fact  that  tl.ere  is 
no  variance  or  "delisting”  procedure  for 
wastes  which  fail  the  EP.  This  absence 
of  a  variance  procedure,  while  perfectly 
permissible,  tends  to  magnify  the 
consequences  of  a  wastes  being  ....... 

anomalously  brought  into  the  system  ''y 
the  EP.  Thiril  EPA  believes  the  EP  to  oe 
a  somewhat  less  precise  instrument  than 
the  listing  machanisra  *or  determining 
hazard,  inasmuch  as  the  EP  fails  to  take ! 
into  account  factors  such  as  >he 
concentration  of  toxicants  in  the  waste 
itself  and  the  quantity  of  waste 
generated  which  could  have  a  bearing 
on  the  hazardousnest  of  the  waste.  EPA 
consequently  prefers  to  entrust 
determinations  of  marginal  hazard  to 
the  listing  mechanism  rather  than  to  the 
EP. 

On  the  basis  of  these  considerations. 
EPA  has  decided,  pending  the 
compietion  of  iarthcr  studies,  to  alter  the 
proposed  dilution  factor  by  adopting  an 
attenuation  factor  of  tOO.  ^.A  is 
adopting  a  100-fold  aitenualion  factor 
because  it  is  confluent  that  anything 
which  fails  the  EP  at  this  factor  has  the 
potential  to  present  a  substantial  hazard 
regardless  of  the  attentuation 
mechanisms  at  play.  If  forthcoming 
studies  demonstrate  that  another 
attenuation  factor  is  more  appropriate 
EPA  will  adjust  the  dilution  factor 
accordingly. 

EPA  does  not  intend  this  alteration  in 
the  dilution  factor  to  constitute  what 
may  be  perceived  as  an  untoward 
relaxation  of  the  EP.  It  iu  simply  electing 
to  exercise  a  degree  of  caution  in  the 

face  of  the  lack  of  empirical  . a 

lub.'tamiation  for  its  EP  leaching  test  'o 
ensure  that  the  EP  only  captures  wastes 
which  are  certain  to  present  a 
substantial  hazard.  Since  this  alteration 
of  the  attenuation  factor  is  based  as 
mush  on  EP.A's  desire  to  engage  in' 
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cautionary  rulemaking  as  on  an 
environmental  re-evaluation  of  the 
attenuative  processes  which  influence 
cnncentrationn  in  leachate.  EPA  has 
listed  and  intends  to  continue  to  list 
wastes  which  have  extract 
concentrations  of  less  than  lUO-limes 
drinking  water 'standards.  This  listing 
wilt  to  a  signiilcant  degree  compensate 
fcr  the  alteration  in  the  attenuation 
factor  and  will  prevent  the  overall 
coverage  of  the  Subtitle  C  regulations 
from  being  measurably^educed.' 

A  number  of  commenfers  argued  that 
EP.A  improperly  based  the  EP  on  a 
mismanagement  scenario  which 
assumed  co-disposal  in  the  acidic  - . 
environment  of  a  municipal  waste 
landiilL  These  commenters  generally 
argued  that  the  co-disposal  assumption 
is  inapplicable  to  numerous  classes  of 
waste  which  are  never  co-disposed  with 
municipal  wastes  and  which  do  not 
leach  at  the  aggressive  rates 
characteristic  of  co-disposal  situations. 
These  commenters  suggested  that  EPA 
employ  an  alternative  leachate  medium, 
such  as  distilled  water.  for  those  wastes 
which  are  unlikely  to  be  co-disposed 
with  municipal  wastes. 

EPA  disagrees  with  these 
commenters.  EPA  believes  that  the  level  ... 
of  leachate  concentration  predicted  by 
the  EP  is  reasonably  in  keeping  with  the 
concentrations  which  could  re^isticaily 
occur  in  most  waste  management 
situations  and  that  employment  of  an 
acidic  leaching  medium  is  therefore 
appropriate.  Most  wastes,  even  those 
which  are  unlikely  to  be  disposed  of  in  a 
municipal  landfill  are  likely  to  coma 
into  contact  with  some  form  of  acidic 
leaching  media  during  their  management 
histones  or  could  otherwise  encounter 
environments  which  could  cause  them  - 
to  leach  comparabla  levels  of  toxic 
constitutents.  Furthermore,  in.'tsmuch  as 
the  phenomenon  of  long  term  leaching  is 
not  well  understood  and  there  is  no 
consensus  within  the  scientific 
community  on  a  short  term  leaching  test 
EP.-^  believes  it  has  the  power  to  employ 
a  leaching  model  which  fails  to  take  into 
account  the  physical  processes  affecting 
particular  generators  even  if  this  model 
errs  on  the  side  of  caution.  See.  Ethv! 
Carp.  V.  £P.4,  341  F.’d  1.  2*-29  (D.C  Or. 
1978  en  baneY,  Hercules.  Ine.  v.  EPA,  398 
91.  l(M-tO«  (D.C  Cir.  19781 

In  any  event  the  change  to  an 
attenuation  factor  of  100  lays  to  rest  the 
concerns  of  those  who  argued  that  the 
acidic  leaching  medium  was  too 
aggressive  to  apply  to  them.  EPA  is  quite 
convinced  that  any  waste  which  fails 
the  EP  at  the  lOO-iimes  standard 
presents  the  potential  for  substantial 
haaard  if  improperly  managed  no  matter 


what  leaching  media  it  is  actually 
exposed  to. 

A  number  of  commenters  argued  that 
the  EP  is  not  sufficiently  reproducible 
for  use  in  defining  hazardous  waste. 
Some  commenters.  basing  their 
argument  on  studies  which  have  been 
conducted  on  me  repraduabiiity  of  the 
EP.  argued  that  these  studies 
demonstmte  an  unacceptable  variability 
in  the  results  obtained  by  the  EP.  Other 
commenters,  who  did  not  base  their 
arguments  on  these  studies,  argued 
simply  that  EPA  has  not  shown  the  EP  to 
be  reproducible  and  therefore  may  not 
appropriately  employ  the  EP  in  a 
regulatory  framework. 

EPA  disagrees.  Sensitive  throughout 
the  process  of  developing  the  EP  to  the 
issue  of  ensuring  reproducibility.  EP.A 
commissioned  a  number  of  studies  to 
evaluate  the  EP,  including  a  study  by  the 
NUS  Corporation,  a  study  by  the 
American  Electropiaters'  Society,  and 
an  ongoing  study  being  conduct^  by 
the  Oak  Ridge  National  Laboratory.  In 
addition,  a  study  commissioned  by  the 
Electric  Power  Research  Institute  (EPRI) 

'  has  been  completed.  None  of  these 
studies  present  enough  data  to  draw  any 
hard  and  fast  condusions.  However, 
dau  from  the  EPRl  report->the  only 
report  which  was  able  to  separate  out 
the  reprodudbtuty  of  the  EP  from  the 
reprodudbility  of  the  analytical 
procedures— suggests  that  the 
reprodudbility  of  the  EP  itself  is  of  the 
same  order  of  magnitude  as  the 
analytical  procedures  used  to  analyze 
the  toxic  constituents  in  the  extract. 
Since  these  analytical  procedures  have 
proven  to  be  widely  acceptable  to  . 
private  industry.  EP.A  believes  that  the 
EP  should  also  prove  acceptable: 

EPA  concedes  that  the  pretiminaiy 
data  indicate  some  variability  in  the 
results  obtained  by  the  EP.  This, 
however,  is  true  of  ail  analytical 
procedures  and  test  meihods.  espedaily 
those  which  are  novel  in  character. 
Furthermore,  variability  can  be  easily 
corrected  by  running  further  repiieates 
of  the  test  to  achieve  greater  certainty  in 
the  results.  To  accommodate  any 
problems  with  variability.  EPA  intends 
to  provide  generators  with  guidance  on 
the  number  of  extractions  which  they 
can  perform  if  they  want  to  ensure 
confidence  in  the  result  In  addition. 

EP.A  is  engaged  in  research  studies 
which  will  enable  it  to  further  isolate 
and  cet  a  handle  on  the  causes  of  this 
variability. 

A  number  of  commenters  argued  that 
extract  from  the  EP  should  be  tested  for 
toxic  contaminants  other  than  those  . 
spedfied  in  the  National  Interim 
Primary  Drinking  Water  Standards. 


f 
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EPA  originally  intended  the  extraction 
procedure  to  identify  loxic  contaminants 
other  than  those  specified  in  the 
National  Interun  Pnmary  Drinking 
Water  Standards.  EPA  has  been  unable 
to  do  this,  however,  because  nq_aiiier  » 
chronic  exposure  thresfioijLlaMia 
wlating  to  annxing  water  conSump.tipn 
Have  been  esiaOlisned  for  other 
raniaroioaiuLs. This  should  not  cause  a 
probiem,  because  EPA  is  regulating 
wastes  containing  non-drinking  water 
standard  contaminants  through  the 
listing  process.  EPA  will  reassess  Us 
position  on  this  issue,  when  thresholds 
are  developed  for  additional 
contaminants  or  when  the  Qean  Water 
Act  Water  Quality  Criteria  are  adopted 
in  final  form. 

The  proposed  EP  required  generators 
to  separate  the  liquid  and  solid  portions 
of  their  waste  as  the  Hrst  step  of  the 
procedure,  based  on  the  assumption  that 
the  liquid  portion  of  the  waste  would 
flow  out  of  the  landfill  independent  of 
any  leaching  action.  Generators  w'ere  ' 
then  required  to  mix  the  separated  solid 
portion  with  the  acidic  leaching  medium 
and.  after  a  further  separation,  combine 
the  resulting  extnet  with  the  originally 
separated  liquid  portion  for  analysis. 

EP.A  gave  generators  the  option  of  using* 
cither  centrifugation  or  filtration  to 
perform  the  initial  soiid-liquid 
separation  and  to  perform  the 
subsequent  separation  of  solid  from 
leaching  solution.  However,  information 
obtained  since  publication  of  the 
proposed  regulation  indicates  that  use  of 
centrifugation  alone  is  not  as  efficient  as 
filtration  and  can  lead  to  carryover  of 
particies  larger  than  0.4S  urn.  Since  a 
filter  the  size  of  0.45  urn  was  originally 
selected  because  particies  larger  than 
.  aaS  um  are  expected  to  be  filtered  out' 
by  the  soli  prior  to  reaching  the 
groundwater.  EPA  has  revised  the  EP  to 
require  filtration  of  both  the  liquid 
portion  and  the  extract  prior  to  analysis. 

A  number  of  commenters  said  they 
encountered  severe  operational 
prabiems  when  performing  the  EP  on 
liquids  containing  very  small  " 
percentages  of  solids.  To  accommodate 
this  probiem.  EPA  is  amending  the 
proposed  regulation  so  generators  need 
not  perform  the  EP  on  liquids  containing 
less  than  0.3^  solids.  Instead,  the  liquid 
itself,  after  filtration,  should  be  - 
considered  the  e.xtract  and  directly  -  '' 
analyzed  for  its  toxic  constituents. 
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Appendix  1>-Rapres«nutive  Samplin;; 
Method  t 

Tile  lethods  and  equipment  used  for 
tampii:  :g  waste  maichals  will  vary  wtih 
the  farm  and  consistency  of  the  waste 
materials  to  be  sampled.  Samples 
collected  using  the  sampling  protocols 
listed  below,  for  sampling  waste  with 
properties  similar  to  the  indicated 
materials,  will  be  considered  by  the 
Agency  to  be  representative  of  the 
waste. 

Extremely  viicoui  liquid— ASTM  Standard 
Ol40>ro  Crushed  or  powdered  maienal— 
ASTM  Standard  03te-7S  Soil  or  rack-like 
auterial— ASTM  Standard  O420-S9  Soil* 
like  material— ASTNi  Standard  0l4Sa-as 
Fly  Ash-like  material— ASTM  Standard 
'  0223WS  (ASTM  Standards  are  evailaole 
from  ASTi>t.  191S  Race  Su  Philadelphia. 
PA  19103) 

Containerized  liquid  weetee— "COUWASA* 
deecnbed  in  'Tesi  .Meihodi  for  the 
Evaluation  of  Solid  Waste,  Physical/ 
Chemical  .Methods."  '  U.S.  Environmental 
Protection  Agency.  Office  of  Solid  Waste. 
Washington.  0.C  30*60.  (Copies  may  bo 
obtained  from  Solid  Waste  Information. 
US.  Environmental  Proteelion  Agency.  3a 
W.  SL  Cluir  St.  Cnannati.  Ohio  4SZaa| 
Liquid  waste  in  pits,  ponds,  lagoons,  and 
similar  reservoirs.— "Pond  Sampler" 
deecnbed  in  'Test  .Methods  for  ihe 
Evaluation  of  Solid  Waste.  Physical/ 
Qieraicai  .Methods."  ' 

This  manual  also  coniains  additional 
information  on  application  of  theaa 
protocola. 


netheds  m  sIm  Oeecnhed  in  "Seoieim 
ana  Snaieline  ^eceawea  (or  Hjtaniaua  WsMa 
Sirteein.-  EPA  ba)/t.eiMil4  lanuary  IMX 
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Appondix  11—  EP  Toxidtv  Teat 
Procedura 

A  Extract  ion  Procedure  (EP) 

LA  reprejentativa  samjple^of  tha 
waata  to  be  .tested  (mtmmurp.size^lOO 
grams)  should  be  obtained  using  the 
methods  spKifted  in  Appendix  Tor  any  ■ 
other  methods  capable  of  yielding  a 
representative  sample  wiJiin  the 
meaning  of  Part  2S0.  [For  detailed 
guidance  on  conducting  the  various 
aspects  of  the  EP  see  "Test  .Methods  for 
the  Evaluation  of  Solid  Waste.  Physical/ 
Chemical  Methods."  SW-446.  U3. 
Environmental  Protection  Agency  Office 
o/  Solid  Waste.  Washington.  O.C 
2046a‘l 

2.  The  sample  should  be  separated 

Into  its  cbmponant  liquid  and  solid 
phases  using  theanethod  described  in 
"Separation  Procedure"  baiow.  If  the 
solid  residua  ^  obtained  using  this 
malhod  totals  less  than  OJf!  of  the  . 
original  weight  of  the  waste,  the  residua 
can  be  discarded  and  the  operator 
should  treet  ihe  liquid  phase  as  tha 
txtract  and  proceed  usraadiataly  to  Slap 
A  ■ 

3.  Tha  solid  material  obtained  from 
the  Separation  Procedura  should  be 

'  evaluated  for  its  particle  siza.  If  tha  solid 
material  has  a  surface  area  per  gram  of 
material  equal  to.  or  greater  than.  3.1 
cm^  or  passes  through  a  9.5  mm  (0375 
inch)  standard  sieve,  the  operator 
should  proceed  to  Step  4.  If  the  surface 
ana  is  smaller  or  the  particle  size  larger 
than  specifiad  above,  the  solid  material 
should  be  prepared  for  extraction  by 
crashing  cutting  or  grinding  the  material 
§o  that  it  passes  through  a  9.5  mm  (0375 
inch)  sieve  or,  if  the  material  is  in  a 
single  piece,  by  subjecting  tha  material 
to  the  "Structural  Integrity  Procedun" 
described  below. 

4.  The  solid  material  obtained  in  Step 
3  should  be  weighed  and  placed  in  an 
extractor  with  18  times  its  weight  of 
deionized  water.  Oo  not  allow  the 
material  to  dry  prior  to  weighing.  For 
purposes  of  this  test,  an  acceptable 
extractor  is  one  which  will  impart 
sufficient  agitation  to  the  mixture  to  not  ' 
only  prevent  stratification  of  the  sample 
and  c-xiractiun  fluid  but  also  insure  that 
ail  sample  surfaces  are  continousiy 


'CoeiM  mav  baotMvHive  rnm  Mid  Wait*  ' 
tafomwdoft,  U3k  Eavironmanwl  yrotaction  .lyaiicy. 
2i  W.  Si.  Oiiif  S<rv««.  C/icinnsii.  Ohio  4i*ai» 
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brought  into  contaa  with  well  mixed 
extraction  fluid. 

A  After  the  solid  material  and 
'  dotonized  water  are  placed  In  the 
extractor,  the  operator  should  begin 
■giUtion  and  measure  the  pH  of  the 
eolation  in  the  extractor.  If  the  pH  is 
graater  than  5.0.  tha  pH  of  the  solution 
thoBid  be  decreased  to  5.0  ±  0.2  by 
adding  0.5  N  acetic  acid.  If  the  pH  is 
•qual  to  or  less  than  5.0.  no  acetic  acid 
should  be  added.  The  pH  of  the  solution 
should  be  monitored,  as  described 
below,  during  the  course  of  the 
extraction  and  if  tha  pH  rises  above  5.2. 
UN  acetic  acid  should  be  added  to 
bring  the  pH  down  to  5.0  ±  0.2. 

However,  in  no  event  shall  the  aggregate 
aaMiint  of  acid  added  to  the  solution 
txcead  4  ml  of  add  per  gram  of  solid. 

Titc  mixture  should  be  agitated  for  24 
hours  and  maintained  at  20*-i0’  C  (68*- 
t04*  F)  during  this  time.  It  is 
recommended  that  the  operator  monitor 
and  adjust  the  pH  during  the  course  of 
lha  extraction  with  a  dtvica  such  as  the 
Typo  4VA  pH  Coatrollcr  manufactured 
by  Cherntrix.  Ine.  HtiUfaoro.  Oregon 
37123  or  Its  equivalent,  in  conjunction 
with  a  fflttaring  pump  and  reservoir  of 
A5N  acetic  add.  If  such  a  system  is  not 
available,  the  following  manual 
procedure  shall  be  employed: 

(a|  A  oH  meiar  should  be  calibraitd  ia 
aecorttance  with  tha  tnaaufacturtr  s 
spaoiicaaans. 

(b)  The  pH  of  lha  solution  should  be 
chackad  and  it  ntensary.  9.5N  acaiic  acid 
should  bo  manuaily  addri  to  iht  axtraetor 
aBd  lha  pH  raachta  5.0  2  02.  The  pH  of  iht 
sohihoa  should  be  adiusisd  at  IA  30  and  60 
■inaia  intetvsia.  moving  to  the  ne.M  longtr. 
intesval  if  the  pH  does  not  have  to  bo 
edfuaied  more  than  0Ji\  pH  unila. 

(d  The  adjuatmeni  procedure  should  bo 
centinuod  for  at  leaat  6  hours. 

(d|  IT  at  tha  end  of  the  24-hour  extraction 
period,  tha  pH  of  the  solotian  la  not  below  5.2 
and  the  maximum  amount  of  aad  U  ml  per  i 
pern  of  soiida)  hai  not  been  addad  lha  pH 
•houid  be  adjusted  to  AO  2  02  and  the 
axmetion  continued  for  an  additional  four  '  I 
hows,  dustng  which  Ihe  pH  should  be  .  ' 

edjiMted  at  ooe  hour  intorvala. 

A  At  the  and  of  the  24  hour  extraction  } 
period,  deionized  water,  should  be  added 
to  lha  extractor  in  an  amount 
determined  by  the  following  equation: 

V-  (20l(Wl-i9(W}-A 
Vw  ed  deioniztd  water  lo  be  added 
Ww  waiitht  in  gremi  of  solid  charged  lo 
extractor 

Aw  nl  of  O.iS  acaiie  aod  added  durina 
-eMtaetion 

7.  The  material  in  the  extractor  should 
be  soparaied  into  its  component  liquid  I 
end  sfdid  phases  as  described  under 
"Separaiion  Procedure."  I 

A  The  liquids  resulting  from  Steps  2  I 
and  7  should  bo  eombined.  This  S 
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combined  liquid  (or  the  waste  itself  if  it 
has  1ms  inan  Vi  percent  solids,  as-noted 
iii  Step  2)  is  the  extract  and  should  be 
analyzed  for  the  presence  of  any  of  tha 
contaminants  specified  in  Table  1  of 
{  2S1.24  using  the  Analytical  Procedures 
dasigMted  below. 

Separation  Procedure 

•  Equipment:  A  filter  holder,  designed 
for  nitration  media  having  a  nominal 
pore  size  of  <}.-tS  micrometers  and 
capable  of  applying  a  kg/cm-  (73  psi] 
hydrostatic  pressure  to  the  solution 
being  filtered  shall  be  used.  For  mixtures 
containing  nonabso^tive  solids,  where  • 
separation  can  be  affected  without 
imposing  a  3.3  kg/ cm*  pressure 
differential,  vacuum  filters  employing  a 
0.4S  micrometers  filter  media  can  ba 
used.  (For  further  guidance  on  filtration 
equipment  or  procedures  see  Teat 
Methods  for  Evaluating  Solid  Waste. 
Physical/Chemical  Methods."} 

ftocedure;  * 

(1}  Following  manufacturer’s  ' 
directions,  the  filter  unit  should  be 
assembled  with  a  filter  bed  consisting  of 
a  0.43  micrometer  filter  membrane.  For 
difficult  or  slow  to  filter  mixtures  a 
praHlter  bed  consisting  of  the  following 
prefilters  in  increasing  pore  size  (O.SS 
micrometer  membrane,  fine  glass  fiber 
prefilter,  and  coarsa  glass  fiber  prefilter) 
can  be  used. 

(U)  The  waste  should  ba  poured  into 
tha  filtration  unit  -  .  . 

(iii)  Tha  reservoir  should  be  slowly 
pressurized  until  liquid  begins  to  Qaw  . 
from  the  filtrate  outlet  at  which  point  the 
pressure  in  the  filter  should  be 
immediately  towered  to  ItVlS  psig.  ' 
nitration  should  be  continued  un^ 

.  -  liquid  flow  ceases.  *'*' 

(Iv)  The  pressure  should  be  increased 
-  stepwise  in  10  psi  increments  to  73  psig 
'and  filtration  continued  until  flow 
ceases  cr  tha  pressurizing  gas  begins  to 
exit  from  the  filtrate  outlet. 

(v)  The  filter  unit  should  be  -■  • 

'  depressurized,  the  solid  material 
removed  and  weighed  and  than 
transferred  to  the  extraction  apparatus. 

'  or,  in  tha  case  of  final  filtration  prior  to 

*  analysis,  discarded.  Oo  not  allow  tha 


’‘Hiia  praeaUun  inttndtd  Is  m«it  la  " 
Mpanaaa  a<  Iha  *fm  ’  liquid  ponioa  of  Ihe  wum 
liam  any  wild  oiailtr  havim  a  panida  aiaa 
>aaSum.  If  (lit  atmpia  will  aoi  Itllar,  vanoua  odwr 
taparaiion  laduaquaa  can  ba  uaad  <o  aid  in  ilia 
filUauaa.  Aadttcnbad  aboaa.  pnaaiua  nilraaon  la 
tBplayad  la  apaad  up  Ida  rUuanon  piaetta.  Thit 
doM  noi  aiiaa  ina  naiufc  ai  liia  laparauan.  if  liawd 
data  nat  itptraMdunas  fitlnaan.  iha  waaia  can  ba 
enmfuttd.  If  Mpartiiaa  aaeura  dunn* 
eaatnf-jatnan  ilia  bawd  poruon  (saninfuaait)  it 
Ultrad  Uirauaa  tba  aasum  fillar  ptiar  la  aaconina 
aUta  tmb  iha  liquid  pottMii  of  iha  waaia  obtaintd 
fma  Iha  miiiai  niutuoiv  Any  mtlatial  ihti  will  aat 
pan  ihiausn  Iha  fillar  tiitr  aanuifueaiwa  w 
tnatidiraa  a  aoiid  tod  it  axiractad. 


material  retained  on  Lhe  filter  pad  to  dry 
prior  to  weighing. 

(vil  The  liquid  phase  should  be  stared 
at  4*C  for  subsequent  use  in  Step  S. 

B.  Slneturui  Integrity  Procedure. 

Equipment:  A  Structural  Integrity 
Tester  having  a  3.10  cm  (1.25  in.) 
diameter  hammer  weighing  0J3  kg  (0.73 
lbs.)  and  having  a  free  fall  of  13.24  cm  (8 
in.)  shall  be  used.  This  device  is 
available  from  Associated  Design  and 
Manufacturing  Company.  Alexandria. 
VA..  22314.  as  Part  No.  123.  or  it  may  be 
fabricated  to  meet  the  spectfications 
shown  in  Figure  1. 

Procedt4re: 

1.  The  sample  holder  should  be  filled 
with  the  material  to  ba  tasted.  If  tha 
sample  of  waste  is  a  large  monolithic 
block,  a  portion  should  be  cut  from  the 
block  having  the  dimensions  of  a  3J  cm 
(1.3  in.)  diameter  x  7.1  cm  (23  in.) 
cylinder.  For  a  fixated  waste,  samples 
may  be  cast  in  the  form  of  a  33  cm  (13 
in.)  diameter  x  7.1  cm  (23  in.)  cylinder 
for  purposes  of  conducting  this  test.  In 
such  cases,  the  waste  may  ba  allowed  to 
cure  for  30  days  prior  to  further  testing. 

2.  The  sample  holder  should  be  placed 
into  the  Structural  Integrity  Taster,  then 
tha  hammer  should  be  raised  to  its 
maximum  height  and  dropped.  This 
should  be  repeated  fifteen  times. 

3.  The  material  should  be  removed 
from  the  sample  holder,  weighed,  and 
transfeRad  to  the  extraction  apparatus 
for  extraction. 

Analytical  Proeeduree  for  Analyzing 
Extract  Cantamlnante 
The  test  methods  for  analyzing  the 
'  extract  are  as  follows: 

(1)  For  arsenic,  barium,  cadmium, 
chramium.  lead,  mercury,  selenium  or 
silven  "Methods  for  Analysis  of  Water 
and  Wastes."  Environmental  Monitoring 
and  Suppon  Laboratory.  Ofilce  of 
Research  and  Oavalopmant.  U.S. 
Environmental  Protectioa  Agency. 
GncimiaU.  Ohio  4SZ88  (E?A-400/4>79» 
020.  March  1979). 

(2)  For  Endriic  Lindane: 

•  Meihoxychlon  Toxaphene;  2.4^  2.  i.S> 
TP  Silven  in  "Methods  for  Denzidina. 

■  ^lorinated  Organic  Compounds. 

.  Pentnchlorophenoi  and  Pesticides  in 
Water  and  Waatewaicr."  Septembor 
1978.  U.S  Environmental  Prelection 
Agency.  Environmental  Monitoring  and 
Support  Laboratory.  GneinnatL  Ohio 
423da. 

as  standardized  in  'Test  Methods  for 
the  Evaluation  of  Solid  Waste.  Phyiicai/ 
Chemical  .Methods." 

For  ail  analyses,  (he  method  of 
standard  addition  shall  be  used  for  the 
quantification  of  speciea  concentration. 


'This  method  is  described  in  Test 
Methods  for  tlie  Evaluation  of  Solid 
Waste."  (It  is  also  described  in 
"Methods  for  Analysis  of  Water  and 
Wastes."] 
sajunn  coos  ssaa  ai  n 


US  ARMY  TOXIC  A^ID  HAZARDOUS  t-IATZRIALS  AGENCY 
INTERIM  POSITION  PAPER 
SOLID  WASTE  LEACHING  PROCEDURE 


Concamlnaclon  of  sroundwater  through  the  leaching  of  waste  contaiainants 
from  Land  disposed  wastes  Is  one  of  the  taost  prevalent  pathways  by  which  toxic 
waste  constituents  algrate  to  the  envlronnent.  Land  disposal  Includes  both 
landfilling  of  solid  and  liquid  wastes  and  lagoon  storage/disposal  of  llq\ild 
waste.  For  many  years  the  Army  has  disposed  of  explosives  eontaolnatad  waste 
water,  organic  solvents,  pesticides  and  other  chemicals  In  unllned  lagoons  that 
have  failed  and  are  proving  to  be  a  source  of  groundwLter  contamination.  This 
groundwater  contaminating  leachate  arises  from  the  liquid  present  In  the  waste 
and  from  Infiltration  of  rainwater,  surface  water  or  groundwatar  into  the  waste. 

Obtaining  penaisslon  from  regulatory  agencies  (EPA/State)  to  close  lagoons/ 
landfills  contaminated  with  explosives  wastes  and  other  chemicals  that  are  the 
source  (potential  source)  of  groundwater  contamination  Is  a  current  problem  for 
Army  Installations  and  USATHAiiA.  In  the  absence  of  soil  standards  for  these 
explosive  wastes,  their  degradation  products  and  other  chemicals,  the  recurring 
question  becomes  'to  what  level  (concentration)  must  these  soils/ sediments  be 
removed  and/or  treated  to  permit  closure  of  the  lagoon/ landfill  (what  levels  of 
explosive/chemicals  are/ara  not  acceptable  In  the  soil)?' 

Under  the  Resource  Conservation  and  Recovery  Act  (RCSA),  EPA  developed  a 
test  procedure  called  the  Extraction  Procedure  (EF)  designed  to  Identify  wastes 
likely  to  leach  hazardous  concentrations  of  toxic  constituents  Into  the 
groundwater  under  conditions  of  Improper  management.  This  Improper  management 
Is  based  on  the  co-disposal  of  toxic  wastes  In  an  actively  decomposing  municipal 
landfill  which  overlies  a  groundwater  aquifer.  EPA  assumes  tht  this  landfill 
will  produce  an  aggressive  acidic  leaching  media  that  will  migrate  to  the 
groundwater . 

To  simulate  the  acidic  leaching  medium,  SPA  chose  to  employ  an  acetic  acid 
leaching  medium  with  pH  of  S.O  (+  0.2).  To  simulate  the  leaching  process,  the 
solid  component  of  the  waste  wllT  be  mixed  with  the  scldlc  leaching  medium  for 
24  hrs.  To  simulate  the  dilution  expected  to  occur  In  the  groundwater,  a  100- 
fold  attenuation  factor  Is  applied. 

Currently,  the  EP  Is  used  to  determine  the  concentration  of  8  heavy  metals 
and  6  Insecticides/herbicides  identified  In  the  National  Interim  Primary 
Drinking  Water  Standards.  If  the  extract  contains  any  of  the  contaminants  In 
concentrations  100  times  greater  than  that  specified  la  the  drinking  water 
standards,  the  waste  Is  considered  to  be  hazardous. 

A  small  minority  of  the  landfills  and  none  of  the  lagoons  sc  Army 
Installations  would  fit  the  'improper  management  scenario"  of  the  BP  test. 
Therefore,  the  acidic  leaching  medium  may  not  be  representative  of  the 
conditions  at  many  Installations. 

Laachlng  procedures  utilize  either  columns  or  batch/shaka  tests.  Column 
tests  require  6  months  to  2  or  3  years  of  time  for  compleclon  and  a  considerable 
cost  outlay  in  manpower  and  laboratory  set-up.  The  baceh/shaka  test  can  be 
accomplished  (several  tests)  In  a  2  week  period  with  a  considerable  savings  la 
cost  and  time  as  compared  to  the  column  test. 


A  OSATHAMA  ceaa  eompjsed  of  a  member  from  TeehnologT'  Olvisioa,  Field 
Svscuas  Division,  Industrial  Systems  Division  and  Environmental  and  Safety 
ulvlslon  has  reviewed  the  S?  test  method,  the  column  leaching  method,  and  the 
Battelle  Solid  Uaste  Leaching  Procedure  (SULP),  developed  under  contract  to  EPA, 
to  determine  which  procedure  would  best  meet  the  requirements  of  problems 
peculiar  to  Army  Installations.  The  column  leaching  test  was  ruled  out  by  time 
and  economic  considerations.  The  Battelle  method  which  permits  other  than  an 
acidic  leaching  medium  was  chosen  by  the  team  because  the  leaching  medium  could 
be  tailored  to  site  specific  needs  and  because  the  method  tracks  closely  the  SP 
test  methods.  The  multiple  extractions  of  the  same  sample  of  solid  waste  will 
not  be  performed  as  given  in  the  Battelle  method. 

Since  no  soil  standards  exist  for  explosives  and  other  chemicals  of 
interest,  standards/criteria  for  specific  waste  leachate  constituents  will  have 
to  be  negotiated  with  the  regulatory  agency  (EPA/State)  on  a  site  by  site  basis. 
In  keeping  with  the  philosophy  and  procedures  of  the  EP  test,  the  same  lOO-fold 
attenuation  factor  (groundwater  dilution)  will  be  applied  (attenuation  factor 
part  of  negotiations  with  regulatory  agency),  l.e.  a  laachate  constituent 
concentration  greater  than  100  times  the  applicable  standard/ criteria  will  be 
considered  hazardous . 

This  protocol  (Battelle  Method  attached)  will  be  used  on  an  interim  basis 
by  OSATHAMA  and  its  sub<‘pcrformers  to  determine  the  extent  of  polluted  soil 
underlying  landfills/ lagoons  that  Is  or  has  the  potential  to  result  in 
contaminant  uigratlon.  When  EPA  or  state  regulators  pass  appropriate  soil 
criteria  or  superceedlng  soil  eontamlnation  protocols,  the  above  USAIIlAiiA  policy 
will  be  so  revised. 


SOLID  WASTE  LEACHING  PROCETUHE 
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SOLID  WASTE  L2 ACHING  PROCEDiraS  (SWLP) 


l.O  EXPERIMENTAL  PARAMETERS 

1.0  Coneaet  Area/Partlela  Size 

The  contact  area  of  the  aanple  should  be  3.1  ca^/g  or  sized  to  pass 
through  a  9.Saffl  standard  sieve,  unless  the  solid  waste  is  aonolithic.  The 
requirement  for  contact  area  and  particle  size  is  designed  to  approach  the 
conditions  lilcely  to  be  encountered  in  the  field  disposal  environaent  due  to 
sechanlcal  filling  operations  and  weathering.  Some  wastes  are  naturall/ 
monolithic.  These  wastes  will  not  have  their  particle  size  reduced  as  this 
would  cause  them  to  be  more  teachable  than  under  field  conditions.  Any  waste 
passing  Che  Structural  Integrity  Procedure  (as  given  in  EPA  manual,  SW-d46,  Test 
Methods  for  Evaluating  Solid  t^aste,  Physical/Chemical  Methods)  will  be 
considered  to  be  monolithic  and  will  be  tested  as  a  whole  rather  than  at  a 
reduced  particle  size. 

1.2  Leaching  Medium 


Laboratory  reagent  water  is  suggested  for  use  as  the  leaching  medium. 
This  water  should  be  free  from  Interfurences  that  might  interact  with  the  sample 
and  should  conform  to  one  of  the  grades  of  Reagent  Water  consistent  with  Federal 
Test  Method  Standara  No.  7916. 

Where  environmental  conditions  warrant,  Che  use  of  an  alternative 
medium,  such  as  one  to  duplicate  acid  rain,  might  be  Justified.  However,  in  Che 
ease  of  acid  rain,  the  acidity  of  the  medium  must  reflect  any  changes  brought 
about  by  passage  of  Che  rain  through  overlying  layers  of  waste  and  soil,  which 
serve  to  neutralize  both  sulfur-based  acid  precipitation  from  such  causes  as  Che 
burning  of  sulfur-containing  fuel  and  naturally  occurring  acids  that  arise  from 
biological  activity. 

1.3  Temperature 

The  temperature  should  be  normal  room/ laboratory  temperatura.  The 
temperature  has  a  decided  effect  upon  Che  sclubillty,  rate  of  reaction,  and, 
perhaps  leaching  of  most  species.  Although  ambient  temperatures  to  be  expected 
at  land  disposal  sites  range  fora  extremely  cold  (-40  C)  to  very  high  (45  C), 

Che  tempertures  for  the  leachates  associated  with  these  sites  are  likely  to  be 
less  varied.  The  overlying  soil  and  waste  layers  with  which  Che  leachate  is 
associated  have  a  dampening  effect  on  variations  in  temperature.  Consequently, 
Che  temperature  for  the  leachate  emerging  from  the  bottom  of  a  disposal  site  is 
likely  to  be  that  of  Che  soil  at  Che  same  depth.  The  limits  on  seasonal 
fluctuations  in  soil  cemperature  at  various  depths  are  probably  obtainable  from 
disposal  site  data  or  can  be  measured  during  preliminary  site  investigations. 

If  Che  expected  temperatures  differ  substantially  from  the  range  of  normal 
laboratory  temperatures,  then  Che  use  of  ocher  temperatures  is  Justified. 
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1.4  Method  of  Mixing 


Any  mixing  device  can  be  used  that  will  impart  sufficient  agitation  to 
the  mixture  such  chat  stratlficacion  of  the  leaching  medium-sanple  mixture  is 
avoided  and  sample  surfaces  are  continuously  brought  into  contact  with  the 
leaching  medium. 

The  specification  given  in  the  ST^P  follows  chat  contained  in  EFA's 
Extraction  Procedure  (E?)  Toxicity  Test  (40  crR261.24).  Currently  only  the 
rotary  mixer  meets  these  criteria  for  preventing  stratlficacion  and  ensuring 
continuous  liquid-solid  contact.  Examples  of  rotary  extractors  are  shotm  in 
figures  1  and  2.  ^ 

1.3  Tine  of  Mixing 


The  approximate  time  of  mixing  is  24  hours.  The  time  specified  for 
each  leaching  ideally  should  be  sufficient  to  allow  equilibrium  Co  be  attained. 
However,  due  to  the  diversity  of  consclcuents  and  effects,  no  reasonable  time 
per  leaching  is  likely  to  be  satisfactory  for  all  situations.  Therefore,  Che 
specification  of  leaching  time  has  to  be  made  out  of  consideration  of  factors 
ocher  chan  attainment  of  equilibrium.  A  time  of  approximately  24  hours  is 
normally  convenient  for  laboratory  scheduling  and  is  consistent  with  Che  time 
specified  for  ocher  related  leaching  procedures. 

1 .6  Solid  CO  Liquid  Eatlo 

The  ratio  of  solid  to  liquid  used  for  each  leaching  is  calculated  to 
incorporate  both  an  amount  sufficient  to  wet  the  sample  and.  an  excess  amount  to 
allow  sufficient  liquid  for  proper  mixing  atid  subsequent  analyses. 

The  amount  of  liquid  necessary  to  wet  the  sample  can  be  determined  by 
packing  Che  sample  into  a  column  having  some  sort  of  drain,  such  as  a  stopcock, 
at  Che  boctoffl.  .A  known  mass  of  sample  is  packed  in  Che  coluon  to  the  density 
specified  for  Che  solid  wasCe  and  soil  cover  at  Che  land  disposal  site.  If  land 
disposal  sice  density  is  not  known,  Che  textbook  density  value  for  specific  soil 
types  can  be  used.  A  measured  coluon  of  liquid  is  added  stepwise  Co  Che  packed 
column  CO  avoid  edge  effaces  and  channeling.  Liquid  is  added  until  ic  begins  to 
flow  from  the  column.  The  volume  of  liquid  added  equals  the  amount  needed  Co 
wee  Che  sample.  Tar  some  samples,  Che  waste  contains  sufficient  free  liquid 
Chat  very  little  or  possibly  no  additional  liquid  will  be  needed  Co  wet  Che 
sample^ 


The  amount  of  liquid  in  excess  of  Chat  sufficient  Co  wet  Che  sample  is 
added  in  Che  ratio  of  ten  volumes  per  unit  weight  of  sample;  Chat  is,  a  liquid 
Co  solid  ration  of  ten  eo  one. 

Examples  below  illustrate  Che  calculation  of  Che  proper  volume  of 
leaching  medium,  where  che  amount  of  sample  Co  be  tested  by  Che  SWLP  is  100  g. 

Example  1.  A.  Volume  Co  wet  sample  »  Vwet  •  Volume  liquid  added  to  column 

•Mass  sampld  in  column 


2 


Vwet  ■  450ml  ■  1.5  lal/g 

■  ‘  300  g  or 

150  ml/lOO-g  sample 

B.  Excess  Volume  «  Vex  •  (lOml/g)  amount  sample 
Vex  -  (10ral/g)(100  g)  -  1000ml 

G.  Total  Volume  ■  Vton  -  (Volume  to  wet  sample)  +  (Excess  Volume) 

Vtot  ■  Vwet  +  Vex  ■  150  ml  +  1000  ml  ■  1150  ml  or  1.15  1 

Example  2.  A.  Volume  to  wet  sample  •  Vwet  •  0  (that  is,  sample  contained  * 
sufficient  liquid  such  that  any  added  to  the  packed  column  freely  drained  out.) 

B.  Excess  Volume  >  Vex  "  (lOml/g)  amount  sample 
Vex  ■  (10  ml/g)(100  g)  »•  1000  ml 

C.  Total  volume  ■  Vtot  ■  Vwet  +  Vex 

Vtot  ■  0  +  1000  ml  *  1000  ml  or  1.0  1 

The  true  solid  to  liquid  ratio  that  a  solid  waste  will  experience  is 
highly  site  dependent  and  very  difficult  to  forecast  precisely.  In  moat  cases 
the  ratio  will  be  one  of  a  large  amount  of  solid  per  unit  volume  of  leachate. 

The  specified  ration  does  not  truly  reflect  the  likely  field  conditions;  rather 
it  is  a  workable  amount  that  will  allow  sufficient  liquid  for  proper  mixing  and 
constituent  analysis. 

2.0  EXPERIMENTAL 

2.1  Apparatus  and  Materials 

In  general  Che  apparatus  and  materials  used  in  the  solid  waste 
leaching  procedure  must  be  demonstrated  to  be  free  from  species  that  might 
intarfere  with  the  analysis  of  the  leachates  at  the  minimum  levels  of  detection. 
In  practice,  the  apparatus  and  materials  chosen  for  use  in  the  procedure  must  be 
selected  with  concern  for  potential  interactions  between  the  laboratory 
equipment  and  the  waste-leachate  solution.  Examples  of  interactions  to  be 
avoided  by  careful  selection  of  equipment  are: 

Dissolution  of  the  solution  container  by  the  leachate,  as  might  happen 
with  a  hydrofluoric  acid  containing  waste  contained  in  a  glass  vessel. 

Preferential  sorption  of  constituents  out  of  the  leachate  by  the 
sample  container  or  filtration  unit,  as  might  happen  with  some  organic 
compounds  when  contained  in  polypropylene  vessels. 

Contamination  of  the  leachats  by  constituents  of  the  sample  container, 
as  might  happen  with  loachates  when  nickel  and  chromium  levels  are  of 
interest  in  wastes  that  are  extracted  in  stainless  steel  vessels. 


.  ,  The  following  discussion  is  designed  co  guide  the  Investigator  in 
' selecting  various  items  for  use  in  the  procedure.  Specification  of  a  particular 
manufacturer  or  model  is  for  purposes  for  guidance  only.  Addresses  of  suppliers 
referenced  in  this  section  can  be  found  in  Appendix  A. 

2.1.1  Extraction  Apparatus 

An  extraction  apparatus  must  avoid  stratification  of  the  sample 
of  solid  waste  and  soil  and  the  leaching  medium  which  would  Inhibit  adequate 
contact  between  the  sample  and  leachate.  The  type  of  extraction  apparatus 
deemed  acceptable  for  this  procedure  Is  Che  rotary  extractor  or  tumbler  (see 
Figure  1;  NBS-deslgn  Extractor  and  Figure  2:  EPRI/Acurex  Extractor).  The 
extractor  consists  of  a  rack  or  box  device  to  hold  the  sample  containers,  which 
are  rotated  through  360  at  about  30  revolutions  per  minute. 

A  four'-pLace  tumbler  extractor  derived  from  a  design  by  Che 
National  Bureau  of  Standards  is  illustrated  in  Figure  1.  This  equipment  may  be 
fabricated  by  the  Invesclgator  or  obtained  commercially  (Associated  Design  and 
Manufacturing  Company,  model  #3740-40-3RE  (four-place  tumbler)  or  model  #3740-6- 
3EE  (six-place  tumbler)).  A  six-place  tumbler  which  may  be  fabricated  by  the 
investigator  or  obtained  commercially  (Acurex  Corporation,  no  model  number 
available)  is  shown  in  Figure  2. 

The  tumbler  bottles  should  be  sized  to  fit  the  particular 
tumbler,  such  as  Wheaton  model  #348322  roller  culture  vessels  or  equivalent,  1.8 
to  2.5  I.  capacity,  with  an  inert  cap  liner. 

2.1.2  Separation  Apparatus 

Separation  of  the  solid  and  liquid  layers  following  Che 
extraction  of  the  waste  sample  will  be  accomplished  by  a  combination  of  settling 
and  filtering.  Details  on  performing  these  manipulations  can  be  found  in 
Section  3.4,  which  gives  stepwise  leachate  generation  Instructions. 

(a)  Filter  holder.  The  filter  holder  must  be  capable  of 
supporting  a  0.43  micrometer  membrane  filter  and  withstanding  the  pressure 
needed  co  accomplish  separation.  '  These  units  may  be  simple  vacuum  units 
(Millipore  model  #XX10-047-00;  Nuclepore  model  #410400;  or  equivalent). 

However,  Che  units  capable  of  being  pressurized  up  to  75  psi  are  more  likely  Co 
be  needed  for  the  majority  of  solid  wastes  (Millipore  model  #TT30-142-Ht7; 
Nuclepore  model  #420800;  or  equivalent). 

(b)  Filter  pads.  Three  sized  of  filter  pads  are  suggested  for 
use  for  all  flltrations. 

(1)  Coarse  glass  fiber  prefllter  pad  (Millipore  model 
#AP2S-042-00  or  #AP25-l27-30  or  equivalent). 

(2)  Fine  glass  fiber  prefllter  pad  (Millipore  modal 
#APl3-042-00  or  #AFl5-l24-50  or  equivalent). 

(3)  0.45  micrometer  nitrocellulose  membrane  filter 
(Millipore  awdal  #llAW?-047-00  or  #HAWP-l42-50  or 
equivalent) . 
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FlRuro  2  EI*IU/AcureK  Butary  EKtrnctor 


2.1.3  General  Labware 

(a)  Anal/sls  sample  boccles.  The  sample  bottles  used  for 
containing  large  amounts  of  vaste  or  leachate  should  be  oc  suitable  materials, 
such  as  glass  for  organic  analysis  or  polypropylene  for  Inorganic  analysis;  and 
they  should  have  screw  caps  with  an  inert  liner,  such  as  TeflonR. 

(b)  Sample  vials,  the  container  for  samples  for  analysis  of 
volatile  organic  constituents  should  have  about  40  mL  capacity  (Pierce  Chemical 
Company  model  #13073  or  equivalent)  and  have  a  screw  cap  with  a  TeflonR-face 
silicone  septum  (Pierce  model  #12722). 

(c)  Syringe.  The  syringe  for  use  In  withdrawing  a  sample  of 
any  water-immiscible  liquid  In  the  leachate  should  be  a  SO  mL  glass  hypodermic 
syringe  with  Luer-Lok  tip  and  a  20-cm  16  guge  stainless  steel  wlde-bore  needle 
(Bolab  Incorporated  model  #BB829  or  equivalent). 

2.2  REAGcirrS 

2.2.1  Leaching  Medium 

The  leaching  medium  selected  for  general  use  In  the  SUL7  Is 
reagent  water.  This  water  must  be  of  sufficient  quality  chat  It  Is  free  sf 
organic  and  Inorganic  Interferences  at  the  minimum  levels  of  Interest  In  the 
subsequent  leaching  and  leachate  analyses  chat  will  be  performed.  Water  Is  the 
recommended  leaching  medium  because  It  Is  deemed  Che  best  general  leaching 
medium  for  simulating  natural  conditions.  An  acidic  leaching  medium  or  i 
synthetic  leaching  medium  having  a  multi-component  mixture  Is  not  recomi  nnded 
for  use  with  this  procedure  unless  Justified  on  the  basis  of  slCe-speclflc 
Information.  In  certain  situations,  such  as  the  siting  of  Che  potential 
landfill  In  an  araa  known  to  have  acid  rain,  a  different  medium  may  be 
justified.  In  such  cases,  Che  Investigator  must  recognize  Chat  Che  use  of  a 
different  leaching  medium  alters  Che  comparability  of  results  with  chose  of 
ocher  Investigators  using  reagent  water. 

2.2.2  Wltrlc  Acid 

A  502  (v/v)  mixture  trace  metals  analysis  grade  concentrated 
nitric  acid  (such  as  J.  T.  Baker  product  #9593  or  equivalent)  and  distilled 
water  Is  recommended  for  use  with  this  procedure  for  preservation  of  leachate 
samples  after  collection  for  analysis  of  inorganic  constituents. 

2.3  SA^IPLII:G 

2.3.1  Sample  Collection  and  Handling 

A  rspresencatlve  sample  of  Che  solid  waste  to  be  tested  should 
be  collected  using  an  ASTi  standard  method  chat  can  be  applied  satisfactorily 
(such  as  0140-70,  0346-75,  0420-69,  01452-65,  0223476)  or  by  using  one  of  the 
methods  described  In  EPA  Manual  SW-846.  It  Is  particularly  Important  Chat  Che 
solid  waste  sample  be  rapresantaclve  of  the  solid  waste. 
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A  ainlmua  sample  of  S  leg  should  be  collected  and  sent  to  the 
•  laboratory  in  a  sealed  container  or  containers*  The  container  must  be  of 
suitable  material  such  that  it  will  not  react  with  the  waste.  In  many  cases  a 
polyproplyene  container  will  be  inert  to  the  waste  and,  hence,  adequate  for  use. 
However,  the  suitability  of  the  container  should  be  assessed  in  light  of  the 
likely  composition  of  the  waste. 

2.3.2  Sample  Preservation 

Samples  that  are  stabilized  with  regard  to  biological  or 
chemical  change  may  be  shipped  and  scored  at  room  temperature.  Samples  that  are 
not  stabilized  and  might  undergo  significant  biological  or  cheffli,cal  change  at 
room  temperture  must  be  maintained  at  0-3  C,  during  shipping  and  storage.  '  If 
Che  stability  of  the  waste  or  soil  is  uncertain  or  unknown,  shipping  and  storage 
of  Che  waste  at  0-5  C  is  recommended. 

Leaching  of  samples  must  be  initiated  within  one  week  of  sample 
collection  to  preclude  gross  changes  in  sample  composition  with  storage  time, 
unless  Che  sample  is  known  to  be  stable  to  potential  changes  in  composition. 

2.4  LEACHATE  GENEHATION 
2.4.1  Extraction 

Step  I  (Mixture  Preparation)  Take  a  100-g  representative 
sample  of  Che  solid  waste  and  soil  chat  has  been  prepared  for  testing  and  place 
it  in  an  excraetlon  vessel  (tumbler  bottle  or  equivalent  container).  Add  the 
calculated  volume  of  leaching  medium  (Section  1.7)  to  the  extraction  vessel. 

Step  2  (Tumbling)  Tighten  the  cap  on  Che  vessel  and  mix  by 
tumbling,  using  the  rotary  extractor.  Tumble  for  24  (j^  2)  hours  at  room 
temperature.  Stop. the  rotary  extractor,  remove  the  extraction  vessel,  and  allow 
the  mixture  to  settle  for  13  minutes. 

Step  3  (Sampling  for  Volatile  Organic  Constituents)  If  a 
sample  of  the  leachate  is  needed  for  analysis  of  volatile  organic  constituents, 
Che  aliquot  should  be  withdrawn  prior  to  filtration.  Obtain  a  sample  for 
volatile  organic  constituent  analysis  by  completely  filling  a  40  mL  sample  vial 
with  Che  leachate.  Fill  Che  sample  vial  in  such  a  manner  that  no  air  bubbles 
pass  through  the  sample  as  the  vial  is  being  filled  and  no  air  space  remains  in 
Che  vial.  Seal  Che  vial  with  a  Tef lonR-faced  septum  and  screw-cap.  Score  it  at 
0-5  C  in  an  inverted  position  until  the  time  of  analysis.  Be  certain  the  sample 
container  is  labelled  properly  to  include  Che  dace,  extraction  sequence  number, 
and  an  appropriate  sample  identification  number. 

If  a  discrete  wacec'*imraiscible  layer  is  present,  withdraw  the 
layer  using  a  syringe  with  a  wide-bore  needle.  Transfer  Che  layer  to  a  Cared 
sample  container  of  suitable  material,  such  as  glass.  Determine  the  mass  of 
Che  layer  and  analyze  it  separately. 
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Step  4  (Separatloa)  Aasenbla  the  filter  holder  and  filter 
•pads  f'ollowlng  the  manufacturer's  Instructions.  Place  the  0.45  micrometer 
nitrocellulose  membrane  filter  pad  on  the  support  screen  of  the  filter  holder. 
Add  first  the  fine  glass  fiber  prefilcer  pad  and  place  the  coarse  glass  fiber 
pref liter  pad  on  top  of  the  membrane  pad,  so  that  the  coarse  pad  will  be  the  one 
closest  to  the  filter  caice. 

After  assembling  the  filter  apparatus,  vet  the  uppermost  filter 
pad  with  a  small  portion  of  the  liquid  phase  of  the  extraction  mlxtuve. 

Transfer  the  remainder  of  the  extraction  liquid  layer  to  the  filtration  unit. 
Take  care  to  avoid  transferring  much  of  the  solid  from  the  extraction  vessel, 
because  substantial  amounts  of  solid  can  clog  the  filter  pads.  Apply  vacuum  or 
gentle  pressure  (10  to  15  psl)  until  all  liquid  passes  through  the  filter.'* 

Stop  the  filtration  when  all  the  liquid  has  passed  throught  he 
filter  pads.  If  this  point  Is  not  reached  under  vacuum  or  using  gentla 
pressure,  then  Increase  the  pressure  stepvfse  in  10  psl  Inerements  to  a  final 
maximum  pressure  of  73  psl. 

If  liquid  remains  above  the  filter  pads  after  30  minutes  of 
filtration  at  75  psl,  halt  the  filtration  by  slowly  venting  the  pressurizing 
gas.  Be  certain  to  follow  the  manufacturer's  Instructions  for  venting  a 
pressurized  filtration  apparatus.  Some  liquid  may  be  trapped  in  the  vane  port 
and  may  be  released.  Care  must  be  taken  to  direct  the  vent  port  away  from 
laborator/  personnel.  Aftac  venting,  decant  the  liquid  above  the  filter  pads 
Into  a  suitable  container.  Place  the  top-most  (coarse)  preflltar  pad  plus  any 
solld/flltar  caka  In  a  suitable  container,  such  as  the  extraction  vassal  for  use 
In  the  next  extraction.  Replace  the  filter  pads,  placing  the  fresh  pada  on  the 
unit  in  the  correct  order,  and  resume  filtering. 

Repeat  the  process  of  replacing  the  filter  pad  as  often  as 
necessary  until  all  vhe  liquid  has  been  filtered.  In  each  process,  retain  the 
topmost  (coarse)  prefilter  pad  along  with  any  solid/filter  caka. 

After  halting  the  filtration,  return  the  unit  to  atmospheric 
pressure  by  either  carefully  breaking  the  vacuum  or  slowly  venting  the 
filtration  apparatus. 

Step  5  (Liquid  for  p(I  and  Inorganic  Constituents  Analyses) 
Transfer  an  aliquot  (usually  25  to  SO  mL)  of  the  liquid/filtraca  from  Step  4  to 
a  suitable  container,  such  as  a  beaker.  Determine  the  pH.  If  an  analysis  for 
inorganic  constituents  is  needed,  add  a  minimum  volume  of  nitric  acid  (see 
Section  2.2.2)  to  lower  the  pH  to  less  than  2.  Transfer  the  acidified  sample  to 
a  suitable  container,  such  as  a  screw-cap  polypropylene  bottle.  Store  at  room 
temperature  prior  to  analysis.  The  sample  container  must  be  labelled  properly, 
to  Include  the  date,  extraction  sequence  number,  and  an  appropriate  sample 
identification  nuiober. 

Step  ^  (Liquid  for  Semlvolatlle  Organic  Constituents  Analysts) 
Transfer  an  aliquot  (usually  200  mL)  of  the  Liquid  filtrate  from  Step  4  co  be 
used  for  semivolatile  organic  constituents  analysis  to  a  suitable  container, 
such  as  a  glass  bottled  with  an  Inert-lined  screw-cap.  Store  the  sample  at  0-5 
C  prior  to  analysis.  The  sample  container  must  be  labelled  properly,  to  include 
the  date,  extraction  sequence  number,  and  an  appropriate  sanplc  Idenctf Ication 
number. 
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Step  7  (Renainder  of  filtrate)  Discard  any  remaining  filtrate 
tsfter  samples  have  been  removed  cor  analysis  and  dispose  of  It  In  accordance 
with  approved  laboratory  procedures  for  disposal  of  potentially  hazardous 
liquids*  Dispose  of  the  solid/filter  cake  In  accordance  with  approved 
laboratory  procedures  for  disposal  of  potentially  hazardous  solid  waste. 

2.4.2  Further  Extractions 


The  need  for  further  extractions  Is  determined  based  on  the 
Interpretation  of  results.  Depending  on  the  amount  of  solid  waste  that  is 
dissolved  on  each  extraction,  the  repeated  extraction  of  the  same  solid  waste 
sample  with  fresh  leaching  medium  can  be  carried  on  Indefinitely.  Repeated 
extractions  of  the  same  solid  waste  sample  will  suggest  trends  In  a  leachate 
constituent  level  (increasing,  decreasing,  or  no  change  as  Che  waste  sample  Is 
subjected  to  repeated  extractions). 

3.0  QUALITY  CONTROL 

3.1  Introduction 


Quality  control  for  the  solid  waste  leaching  procedure  Involves  two 
aspects.  Ore  aispect  ensures  chat  Che  steps  to  be  taken  in  carrying  out  Che 
procedure  both  are  free  of  interferences  and  meet  Che  needs  of  Che  Investigator 
regarding  the  reliability  of  the  results.  The  ocher  aspect  monitors  the 
procedure  while  it  is  underway  to  determine  whether  the  desired  level  of  quality 
Is  being  achieved. 

The  guidelines  given  In  this  section  are  designed  to  help  the 
investigator  fulfill  these  two  aspects  of  quality  control.  The  basic  method 
used  is  CO  process  procedure  blanks  through  Che  various  steps  in  the  procedure. 
These  blanks  are  analyzed  to  determine  whether  interferences  do  appear.  The 
analytical  results  are  used  to  either  modify  Che  procedure  to  eliminate  the 
source  of  the  Interferences  or  correct  the  solid  waste  sample  results  for 
background  levels  routinely  and  unavoidably  picked  up.  Replicate  samples  ace 
processed  to  monitor  Che  precision  and  accuracy  of  the  procedure. 

Ac  present  no  solid  waste  reference  material  or  simulant  is  available. 
Consequently,  Interlaboratory  comparisons  of  results  from  using  the  procedure  on 
such  a  material  are  not  possible. 

Analytical  procedures  shall  conform  to  the  Quality  Assurance  Program 
for  US  Array  Toxic  and  Hazardous  Materials  Agency  (USATHAMA)  and  shall  not  be 
performed  until  method/laboracory  certification  Is  Issued  by  USATHAilA. 

3.2  Leachate  Generation 


3.2.1  Prelimlnarv 


Before  any  solid  waste  sample  is  tested  using  Che  solid  waste 
leaching  procedure,  demonstrate  that  Che  procedure  la  free  from  any  analytical 
Interferences  by  processing  procedure  blanks  through  Che  various  steps. 
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.  ,  Step  QC  (1)  (Mixture  Preparation)  Using  a  graduate  cylinder, 

add  l.O  1.  of  the  leaching  medium  to  an  extraction  vessel  containing  no  solid 
waste  sample. 


Step  QC  (2)  (Tumbling)  Tighten  the  cap  on  the  vessel  and  mix 
by  the  rotary  extractor  or  selected  alternative  method.  Mix  for  24  (+  2)  hours 
at  room  temperatura.  Stop  the  rotary  extractor,  remove  the  extraction  vessel, 
and  allow  the  mixture  to  settle  for  IS  minutes. 

Step  QC  (3)  (Separation)  Prepare  the  filtration  apparatus  by 
the  method  of  Step  4,  Section  2.4.1.  Filter  the  extraction  mixture  in  the  same 
manner  as  that  to  be  used  with  the  solid  waste  samples.  ^ 

Step  PC  (4)  (Sampling  for  Analysis)  Remove  aliquots  of  the 
procedure  blank  solution  for  each  type  of  analysis  to  be  run  on  the  solid  waste 
sample  (analysis  for  pH,  inorganics,  and  volatile  and  semivolatile  organic 
constituents).  If  sampling  for  volatile  organic  analysis  is  done,  follow  the 
method  of  Step  3,  Section  2.4.1  for  filling  the  sample  vial.  Label  all  sample 
containers,  to  include  date  and  appropriate  sample  identification  number. 

Step  QC  (5)  (Results)  Examine  the  results  of  the  analyses  and 
deterrtine  whether  any  interferences  are  present.  Identify  the  likely  sources  of 
the  interferences  and  modify  the  procedure  accordingly.  Repeat  the  processing 
of  a  procedure  blank  on  the  modified  procedure  until  the  interferences  have  been 
eliminated. 


3.2.2  Sample  Testing 

Step  PC  (6)  (Procedure  Blank)  The  procedure  blank  consists  of 
the  leaching  medium  with  no  waste  added.  Process  one  procedure  blank  for  every 
batch  or  every  ten  solid  waste  samples  tested.  Carry  the  procedure  blank 
through  the  same  steps  as  the  solid  waste  sample.  Ensure  that  the  procedure 
blank  is  treated  identically  to  the  solid  waste  sample. 

4.0  EXAMIMATION  OF  DATA 


4.1  Calculation  of  Concentration 

The  data  acciimulated  using  the  solid  waste  leaching  procedure  can  be 
used  directly  in  terms  of  the  concentration  of  the  constituent  that  was  found  on 
analysis  of  the  leachate  solution.  The  general  method  of  calculating  this 
concentration  is  given  in  Equation  1. 


C(x)i  ■  C(anal)i  x  DF 


Equation  1 


In  this  equation,  C(x)l  Is  the  concentration  x  in  the  leachate  solutioe  from 
extraction  sequence  niimber  i  and  has  the  dimensions  of  mass  of  x  per  unit  volume 
of  leachate.  C(anal)l  is  the  concentration  of  x  that  was  found  on  analysis.  DF 
is  the  dilution  factor  or  concentration  factor  for  the  enslysls.  The  D£  gives 
the  extent  to  which  the  leachate  solution  was  diluted  or  concentrated  prior  to 
analysis. 


11 


4.2  Calculation  of  Maaa  Released  Per  Extraction 

The  data  accumulated  can  be  used  to  calculate  the  mass  of  the 
constituent  released  from  the  solid  waste  sample  for  each  extraction.  The 
general  method  for  calculating  this  mass  released  Is  given  la  Equation  2. 


C<x) 

M(x)  -  _ 1 

1  S:L 


Equation  2 


In  this  equation,  M(x)l  Is  the  mass  of  eonstltuent  x  that  was  released  from  the 
solid  waste  sample  during  extraction  sequence  number  C(x)l,  the 
concentration  of  x  In  the  leachate  solution  for  the  extraction  i.  Is  calculated 
using  Equation  1.  S;L  is  the  solid  to  liquid  ratio  used  In  the  initial 
extraction.  In  terms  of  the  mass  of  solid  waste  sample  used  to  the  volume  of 
leaching  solution.  The  volume  of  leachate  in  the  denominators  of  both  C(x)l  and 
S;L  must  be  In  the  same  units,  such  as  liters  or  milliliters,  so  that  thejr  will 
cancel.  The  term  llfx)!  will  then  have  the  dimensions  of  mass  of  x  released  per 
unit  mass  of  solid  waste,  such  as  mg  of  x  per  g  of  waste. 
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APPEOTIX  A 


SnPPLIEaS 


Aeurss  Corporation 
485  Clyde  Avenue 
Mountain  View,  CA  94042 
(415)  964-3200 

Aeeociated  Design  and  Manufacturing  Conpany 
814  North  Henry  Street 
Alexandria,  7A  22314 
(703)  549-5999 

J.  T.  Baker  Chaolcal  Company 
222  Red  School  Lane 
Phillipsburg,  SJ  08865 
(201)  859-2151 

Bolab  Incorporated,  Oiv.  of  yater  tf.  Platt  Induatries 
6  Tinkan  Avenue 
Derry,  NH  03038 
(604)  434-4941 

Millipore  Corporation 
Ashby  Road 
Bedford,  MA  01730 
(800)  225-1380 

Nuclepore  Corporation 
7035  Conmeree  Circle 
Pleasanton,  CA  94566 
(415)  462-2230 

Pierce  Chemical  Company 
P.  0.  Box  117 
Rockford,  IL  61105 
(815)  968-0747 

Wheaton  Scientific 
1000  North  Tench  Street 
Millville,  HJ  08332 
(609)  325-1400 


WATER  QUALITY  CRITERIA 


PARA.METER 

APPLICABLE  CRITERIA 

REFERENCE 

Aldn'n 

Hold  exposure  to  a  minimum 

"Quality  Criteria  for  Mater"  EPA, 
1976. 

OBCP 

0.0002  mg/1 

State  of  Colorado  Department  of 
Health  limit  per  letter  to 
Commander,  RMA,  26  Jun  79. 

OCPO 

OIMP 

1.3  mq/1  (toxicity) 

0.024  mg/1  (odor) 

0.5  mg/1 

These  guidelines  are  recommended 
by  the  US  Army  Medical  Bioengi¬ 
neering  Research  &  Development 

Lab  (26  Aug  76)  and  are  based  on 
toxicology  studies  conducted  by 
the  Army.  The  National  Academy 
of  Sciences  Committee  on  Military 
Environmental  Research  has 
reviewed  the  procedures  and 
results  of  the  toxicology  studies 
and  concurred  in  the  drinking 
water  levels  (1  Feb  77).  The 
State  of  Colorado  has  requested 
the  Army  to  meet  a  lower  limit  of 
0.024  mg/1  for  OCPO  based  on  an 
odor  threshold  value. 

Oieldrin 

Hold  exposure  to  a  minimum 

"Quality  Criteria  for  Water"  EPA, 
1975. 

Endrin 

0.0002  mg/1 

EPA  National  Interim  Primary 
Drinking  Water  Regulation. 

Fluoride 

2.4  mg/1 

State  of  Colorado  Department  of 
Health  limit  per  letter  to 
Commander,  RMA,  2  Aug  79. 

Priority 

Pol lutants 

See  Federal  Register  for 
specific  guidelines. 

Federal  Register  Yol  45,  No.  231, 
Friday  Nov  23,  1980,  pp  79313. 

ATI  other 
organics 

No  available  limits. 

Removal  to  detectable  limits. 

Guidance  from  OTSG. 

FIGURE  1 1- 1 
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1.0  INTRODUCTIOM 


This  report  provides  results  of  extractions  performed  by  S-Cubed 
under  Contract  CSC/ATD-82-C-503  from  Computer  Science  Corporation 
during  the  period  January  27  through  February  15,  1582.  The 
extractions  were  performed  in  accordance  with  the  USATHAMA  Solid  Waste 
Leaching  Procedure  (SWLP),  prepared  by  Battelle  Columbus,  1981  (Exhibit 
8,  RFP  CSC/ATD-82-R-503) ,  on  Basin  F  soil  samples  supplied  by  Computer 
Science  Corporation  (CSC).  Fifty  of  the  total  sixty-eight  samples^ 
received  were  extracted  in  accordance  with  directions  from  the  CSC 
Project  Officers. 

This  report  describes  the  specific  activities  undertaken  in  the 
execution  of  the  extraction  effort.  The  report  is  organized  in  five 
sections;  initial  sample  handling,  liquid-to-solid  ratio,  leaching, 
separation  of  the  solid  and  liquid  layer,  and  pH  determination.  Raw 
data  are  provided  in  three  appendices:  Appendix  A  -  copies  of  data 
sheets  from  CSC  field  team.  Appendix  B  -  copies  of  data  sheets  for  the 
determination  of  1  iquid/s'olid  ratio,  and  Appendix  C  -  data  record  of 
SWLP  activities.  The  S-Cubed  SWLP  project  was  successful  in  that  all 
samples  were  extracted  and  shipped  to  the  Midwest  Research  Institute 
for  chemical  analysis. 
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2.0  INITIAL  SAJ-IPLE  HANDLING 


Samples  received  by  S-Cubed  from  the  CSC  field  team  were  stored 
at  4*C  and  their  receipt  documented  by  filling  out  a  log  sheet.  Table 
1  summarizes  the  time  and  date  of  receipt  of  samples  by  S-Cubed.  The 
samples  remained  in  cold  storage  until  they  were  ready  for  processing. 
Appendix  A  contains  the  Boring  Log  Field  Data  documentation  which 
S-Cubed  received  along  with  the  samples. 

The  first  step  in  the  SWLP  was  to  grind  up  the  sample  to  obtain 
triplicate  representative  IQO-grara  samples  for  extraction.  The  samples 
shipped  to  S-Cubed  were  between  400-  to  500-grams  each;  only  Sample 
S20011  was  less  than  300  grams.  In  this  case,  two  100-gram  replicates 
were  made  up  and  the  third  only  contained  57  grams.  The  total  sample 
was  placed  into  a  mortar  which  was  located  in  a  hood  and  ground  up 
using  a  pestle  until  a  particle  size  of  less  than  a  quarter  of  an  inch 
was  obtained.  All  ground  samples  were  sized  with  a  standard  ASTM 
1/4-inch  sieve.  If  a  sample  had  an  odor,  care  was  exercized  by 
minimizing  time  of  exposure  to  ambient  conditions.  After  grinding,  a 
5-gram  sample  was  removed  for  the  liquid/solid  ratio  determination,  the 
remainder  of  the  sample  was  returned  to  the  sample  container  and  stored 
at  4*C. 

When  the  leaching  experiment  was  ready,  the  sample  was  taken  from 
storage  and  poured  onto  a  clean,  flat  surface.  The  sample  was  spread 
out  into  a  flat  disk  shape  and  divided  into  quarters.  Three  100-gram 
samples  were  taken,  each  one  was  taken  from  a  separate  quarter  section 
and  the  remaining  quarter  was  returned  for  storage.  The  100-gram 
sample  was  place  into  a  one-gallon  polyethylene  container, 
deioni zed-distilled  water  was  added,  and  the  sample  was  leached  for  24 
hours  using  a  rotating  leaching  device,  e.g.,  Acurex  design. 


Table  1 


REC-IYIJIG  OF  SAMPLES 


Sample  Muniber 

S20001 

S20002 

S20003 

S200U4 

S20005 

S20006 

S20007 

S20008 

S20009 

S20010 

S2QQn 

S20012 

S20013 

S20014 

S20015 

S2Q016 

S20017 

S200ia 

S20Q19 

S20020 

S20021 

S20022 

S20023 

S20024 

S20025 

S20026 

S20027 

320028 

S20029 

S20030 

S20031 

S20032 

S20033 

S20034 

S20035 

S20036 


Receiving  Time 


12 

:10 

pm 

12 

.10 

pm 

12 

:10 

pm 

12 

.1C 

pill 

12 

:10 

pm 

12 

.10 

pm 

12 

:10 

pm 

12 

.10 

pm 

12 

;10 

pm 

12 

.10 

pm 

12 

:10 

pm 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

30 

am 

11 

45 

am 

n 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

11 

45 

am 

Sample  Date 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/27/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/28/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 

1/29/82 
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Table  1  (Continued) 
RECEIYIHG  OF  SAMPLES 


Sample  Mumber 

Receivinq  Time 

Sample  Date 

S20037 

S2003S 

S20039 

S20040 

S20041 

S20042 

S20043 

S20044 

9:30  am 

9:30  am 

9:30  am 

9:30  am 

9:30  am 

9:30  am 

9:30  am 

9:30  am 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

S20045 

S20Q46 

S20047 

S20Q48 

S20049 

S20050 

S20051 

S20052 

9:30  am 

9:30  am 

9:30^  am 

9:30  am 

9:30  am 

9:30  am 

3:30  pm 

3:30  pm 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

1/30/82 

2/2/82 

2/2/82 

S20Q53 

S200S4 

S20055 

S20056 

S20057 

S20058 

S200S9 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

S20060 

S20061 

S20062 

S20063 

S20065 

S2006& 

S20067 

S20068 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

3:30  pm 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 

2/2/82 
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3.0  LIQUID-TO-SOLID  RATIO 


The  Liquid-to-Solid  Ratio  (LSR)  was  detennined  to  be  the  amount 
of  water  that  naturally  sorbs  onto  the  soil  extracted.  This  amount  of 
water  must  be  corrected  for  in  making  calculations  of  extraction 
efficiencies  in  accordance  with  SWLP. 

S-Cubed  took  5  grams  of  Basin  F  sample  and  placed  it  into  a  glass 
column  fitted  with  a  stopcock.  The  dimensions  of  this  column  were 
15“Cm  long  by  1-ca  internal  diameter.  The  5-gram  sample  initially 
filled  the  column  to  about  10  cn.  The  soil  was  compressed  to  S  cm. 
S-Cubed  was  never  given  any  information  about  soil  density,  but  the 
packing  procedure  was  consistent  for  all  samples.  After  the  column  was 
packed,  5  ml  of  deioni zed-distilled  water  was  added  to  the  column  with 
the  stopcock  closed.  The  water  was  allowed  to  wet  the  soil.  When  the 
soil  was  wet,  the  stopcock  was  opened  and  the  excess  water  was  allowed 
to  drain  into’  a  graduated  cylinder.  The  volume  of  water  retained  by 
the'  soil  was  calculated  and  this  number  was  entered  into  the  data 
records. 

The  calculations  for  the  volume  of  excess  water  to  be  added  for 
leaching  were.: 


V  liquid 

«  a  — ,  ratio  ■  LSR 
W  solid 

where 

V  ■  volume  of  water  retained  by  oil,  mL 

W  «  weight  of  soil  tested,  g 

LSR  X  100  g  »  volume  of  water  to  be  added  to  leaching  solution,  mL 
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In  addition  to  the  volume  of  excess  water  to-  be  added  from  the  above 
calculation,  one  liter  of  del onl zed-distilled  water  was  employed  as  the 
bulk  extraction  medium. 

When  the  sample  was  a  sludge,  the  sludge  was  Initially  filtered 
using  an  0.45-ra1crometar  membrane  filter.  The  resulting  filtrate  was 
added  to  the  final  extracted  solution.  For  these  samples,  a  100-gram 
sample  was  taken  from  the  moist  soil  sludge  sample  which  remained  after 
filtering  without  adding  excess  water. 

Table  2  contains  the  results  of  the  11  quid/ sol  Id  ratio 
determination. 


Table  2 

RESULTS  OF  LIQUID/SOLID  RATIO  DETERMINATION 

Total 

Sample  Volume  of  Volume  of  Water  Volume 

Sample  Weight  Water  Retained  Water  Added  for  Extraction 


Number 

(g) 

(ni.) 

Ratio 

.  (lit) 

(mL) 

S20001 

5 

1.4 

0.28 

28 

1028 

S20002 

5 

2.0 

0.40 

40 

1040 

S20003 

S 

l.S 

0.30 

30 

1030 

S20005 

5 

1.2 

0.24 

24 

1024 

S20006 

5 

1.2 

0.24 

24 

1024 

S20007 

5 

1.5 

0.30 

30 

1030 

S20009 

5 

0.8 

0.16 

16 

1016 

S2Q010 

5 

1.2 

0.24 

24 

1024 

520011* 

5 

1.3 

0.26 

26* 

1026* 

520012 

5 

1.4 

0.23 

28 

1028 

520013 

5 

1.1 

0.22 

22 

1022 

520016 

5 

0.3 

0.16 

16 

1016 

520017 

5 

l.S 

0.30 

30 

1030 

520018 

5 

1.3 

0.26 

26 

1026 

520020 

sludge 

1000 

520021 

5 

1.0 

0.20 

20 

1020 

520022 

6 

1.6 

0.32 

32 

1032 

Table  2  (Continued) 


RESULTS  OF  LIQUID/SCLID  RATIO 


Total 


.  -role 
■  •  gbt 

Volume  of 

Water  Retained 
(mL) 

Ratio 

Vol '-re  of 
Water  ^zzsc 

Water  Volume 
‘or  Extraction 
(mL) 

,dge 

1000 

: 

1.5 

0.30 

1030 

1.2 

0.24 

^ «» 

1024 

; 

2.0 

0.40 

• 

1040 

; 

1.0 

0.20 

1020 

; 

1.2 

0.24 

1024 

« 

0.6 

0.12 

t  ^ 

1012 

1.1 

0.22 

1022 

•* 

1.6 

0.32 

• 

s 

1032 

udge 

1000 

• 

1.9 

0.38 

%  > 

1038 

3 

2.0 

0.40 

IS 

1040 

3 

2.3 

0.46 

46 

1046 

3 

0.8 

0.16 

15 

1016 

3 

0.4 

0.08 

CS 

1008 

1.5 

0.30 

30 

1030 

3 

2.0 

0.40 

40 

1040 

■  udge 

1000 

3 

0.8 

0.16 

15 

1016 

3 

1.6 

0.32 

32 

1032 

3 

1.9 

0.38 

■w  C 

1038 

5 

2.7 

0.54 

•  • 

1054 

3 

1.0 

0.20 

20 

1020 

3 

1.2 

0.24 

1024 

3 

1.1 

0.22 

^  A 

1022 

3 

0.7 

0.14 

^  • 

i 

1014 

3 

1.3 

0.26 

25 

1026 

3 

0.5 

0.10 

10 

1010 

3 

0.8 

0.16 

16 

1016 

3 

0.6 

0.12 

12 

1012 

3 

0.5 

0.10 

10 

1010 

3 

0.5 

0.10 

10 

1010 

iiudge 

1000 

::onc 

only  usst  57  grams. 

vol ume 

for  extraction 

was  535  ml. 

4.0  LEACHIIiG  EXPERIMENT 


S-Cubed  employed  two  Acurex  rotary  extractors  wh-fch  had  the 

capability  to  extract  twelve  100-gram  samples  per  24-hour  period. 
After  the  liquid/solid  ratio  was  determined,  three  100-grara  replicates 
of  the  soil  samples  were  placed  into  three  l-gallon  polyethylene 

containers.  One  liter  of  deioni zed-distilled  water  was  added  to  each 
container,  plus  the  volume  determined  from  the  liquid/solid  ratio.  The 
container  was  then  placed  into  the  extractor  and  leached  for  the 

24-hour  penod.  Table  3  lists  the  total  time  for  each  leaching. 

Since  the  rotary  extractor  was  operating  continuously  for  13 
days,  the  extractions  usually  ran  for  23  hours  so  that  the  equipment 
would  have  a  rest;  thus  preserving  the  integrity  of  the  equipment. 

Because  of  an  electric  power  failure  and  a  breakdown  of  one 

extractor  during  the  course  of  the  leaching  experiment.  Samples  S20057, 
S20QS8,  S2Q060,  S20061,  $20067,  and  S20063  were* extracted  on  the  eighth 
day  after  sample  collection  and  Sample  S20C62  was  extracted  on  the 

ninth.  The  SWLP  procedure  called  for  seven  days  to  preclude  gross 

change  in  sample  composition,  but  the  time  could  be  extended  if  the 

samples  are  stable.  In  order  to  obtain  greater  resolution  on  the 

stability  of  these  samples.  Samples  S20C53  through  S20056  were 
collected  the  same  day  as  Samples  S20057  through  S20061  and  the  latter 
series  were  extracted  within  the  timeframe  stipulated  by  the  SWLP. 
Upon  analysis  by  MRI,  it  may  be  estimated  whether  or  not  the  extra  one 
or  two  days  of  storage  affected  the  stability  of  these  samples. 
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Table  3 

time  of  sample  leach IUG 

_ Extract! on 


Start 


Samole  Number 

Time 

Date 

S20Q01 

3:53  pm 

1/27/82 

S20002 

3:53  pm 

1/27/82 

S20003 

4:05  pm 

1/28/32 

S200Q5 

4:05  pm 

1/28/82 

S2CQ06 

4:05  pro 

1/28/82 

S20007 

4:05  pm 

1/28/82 

S20Q09 

4:48  pm 

1/29/82 

S20010 

4:48  pm 

1/29/82 

320011 

4:48  pm 

1/28/82 

S20012 

4:48  pm 

1/28/82 

S2Q013 

4:15  pm 

1/30/82 

S20016 

4:15  pm 

1/30/82 

S20017 

5:22  pm 

1/31/82 

S20018 

5:22  pm 

1/31/82 

52  00  20 

5:00  pm 

2/1/82 

S20021 

5:22  pm 

1/31/82 

S2C022 

5:22  pm 

1/31/82 

S2002S 

5:00  pm 

2/1/82 

S20Q26 

5:00  pm 

2/1/82 

S20Q27 

5:00  pm 

2/1/82 

S20028 

5:00  pm 

2/2/82 

S20030 

5:00  pm 

2/2/82 

S20031 

5:00  pm 

2/2/82 

S20034 

5:00  pm 

2/2/82 

S2003S 

5:00  pm 

2/3/82 

S20036 

5:00  pm 

2/3/82 

S20038 

5:00  pm 

2/3/82 

S20039 

5:00  pm 

2/3/82 

S20040 

4:30  pm 

2/4/82 

S20041 

4:30  pm 

2/4/82 

S20043 

4:j0  pm 

2/4/82 

S20044 

4:30  pm 

2/4/82 

S20047 

8:30  pm 

2/5/82 

S20048 

8:30  pm 

2/5/82 

S2C051 

8:30  pm 

2/5/82 

S20052 

8:30  pm 

2/5/82 

Finish  Total  Time  in 

Tii^e  Date  Hours/Minutes 


3:53  pm 

1/28/82 

24 

3:53  pm 

1/28/82 

24 

4:15  pm 

1/29/82 

24 

4:15  pm 

1/29/82 

24/10 

4:15  pm  , 

1/29/82 

24/10 

4:15  pm 

1/29/82 

24/10 

4:00  pm 

1/30/82 

23/22 

4:00  pm 

1/30/82 

23/22 

9:15  am 

1/31 /82-» 

24/33 

9:15  am 

1/31/82* 

24/33 

4:20  pm 

1/31/82 

24/05 

4:20  pm 

1/31/82 

24/05 

4:35  pm 

2/1/82 

23/23 

4:35  pm 

2/1/82 

23/23 

4:00  pm 

2/2/32 

23 

4:35  pm 

2/1/82 

23/23 

4:35  pm 

2/1/82 

23/23 

4:00  pro 

2/2/82 

23 

4:00  pm 

2/2/82 

23 

4:00  pm 

2/2/82 

23 

4:00  pm 

2/3/82 

23 

4:00  pm  2/3/82  23 

4:00  pm  2/3/82  23 

4:00  pm  2/13/82  23 

3:55  pm  2/4/82  22/55 

3:55  pm  2/4/82  22/55 

3:55  pm  2/4/82  22/55 

3:55  pm  2/4/82  22/55 

8:30  pm  2/5/82*^  23 

8:30  pm  2/5/82*^'  23 

8:30  pm  2/5/82*^  23 

8:30  pm  2/5/82'^  23 

6:30  pm  2/6/82  22 

6:30  pm  2/6/82  22 

6:30  pm  2/6/82  22 

6:30  pm  2/6/82  22 
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Table  3  (Continued) 

TIME  OF  SAMPLE  LEACHING 

_ Extraction _ 

Start  Finish  Total  Time  in 


Samole  Number 

Time 

Date 

Time 

Date 

Hours/Mi nutes 

S20053 

6:30  pm 

2/6/82 

4:30  pm 

2/7/82 

22 

S200S4 

6:30  pm 

2/5/82 

4:30  pm 

2/7/82 

22 

S20055 

6:30  pm 

2/6/82 

4:30  pm 

2/7/82 

22 

S20056 

6:30  pm 

2/6/82 

4:30  pm 

2/7/82 

22 

S200S7 

4:35  pm 

2/7/82 

4:00  pm 

2/8/82 

23/25 

S20053 

4:35  pm 

2/7/82 

4:00  pm 

2/8/82 

23/25 

S20060 

4:35  pm 

2/7/82 

4:00  pm 

2/8/82 

23/25 

S2CU61 

4:35  pm 

2/7/82 

4:00  pm 

2/8/82 

23/25 

S20062 

5:45  pm 

2/8/82 

4:30  pm 

2/9/82 

22/45 

S20064 

5:45  pm 

2/8/82 

4:30  pm 

2/9/82 

22/45 

S20065 

5:45  pm 

2/8/82 

4:30  pm 

2/9/82 

22/45 

S20066 

5:45  pm 

2/8/82 

4:30  pm 

2/9/82 

22/45 

S20067 

5:30  pm 

2/9/82 

5:00  pm 

2/10/82 

23/20 

320068 

5:30  pm 

2/9/82 

5:00  pm 

2/10/82 

23/20 

♦Samples  320011  and  S20012  -  rotary  extractor  breakdown  at  night, 
instrument  was  not  repaired  until  12;Q0  pm. 

♦’Samples  S20040,  S20041,  S2Q043,  and  S20Q44  -  S-Cubed  had  a  five-hour 
power  failure  at  night. 
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5.0  SE?AR.!\TI0N  Cr  THE  SOLID  AMO  LIQUID  LAYERS 


S-Cufaed  employed  six  Mi  Hi  pore  Hazardous  Waste  Sample  Filtration 
System  devices  (Mil li pore  Model  No.  YT30142HW).  The  filter  pads  were 
the  fine  glass  fiber  prefilter  pad  (Millipore  Model  AP1512450)  and  the 
0.45  micrcmeter  nitrocellulose  membrane  filter  (Millipore  Model 
HAWP14250).  Because  the  Basin  F  samples  contained  clay  which  clogged 
the  filters  continuously,  S-Cubed  had  to  modify  SWLP  filtration 
procedure.  The  modification  consisted  of  filtering  the  sample  twice, 
first  with  the  fine  glass  fiber  prefilter  pad,  then  with  the  0.45 
micrometer  membrane  filter.  This  procedure  was  employed  because 
placing  three  filters  on  top  of  each  other  was  too  slow  and  the 
uppermost  filter  would  clog  and  no  sample  would  pass  through  the  other 
filters.  The  following  paragraph  describes  how  S-Cubed  filtered  the 
Basin  F  samples.  Table  4  contains  the  times  and  dates  for  filtering 
samples. 

After  the  sample  was  mixed  for  24  hours,  it  was  either  filtered 
immediately  or  placed  into  storage  at  4*C.  A  Millipore  filtration 
system  was  set  up  with  a  fine  glass  fibe»*  prefilter  pad,  and  the  sample 
was  poured  into  the  device.  Usually,  about  half  of  the  approximately 
one-liter  sample  was  filtered  at.  a  time.  If  the  filter  pad  clogged, 
the  remaining  unfiltered  material  was  transferred  to  a  beaker  and  the 
filter  was  replaced.  The  filter  device  was  then  reassembled  and 

filtering  continued.  The  second  half  of  the  sample  contained  most  of 
the  solids  and  they  were  quantitatively  transferred  to  the  filter 

device  and  filtered.  After  the  sample  was  filtered,  the  filter  system 

was  taken  apart,  cleaned  with  del oni zed-distilled  water,  and 

reassembled  with  an  0.45-micrometer  filter.  Again,  if  clogging  of  the 
filter  occurred,  the  filter  was  replaced  and  the  process  continued. 
The  pressure  employed  for  filtration  was  75  psi. 
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When  the  filtration  was  con:pleta,  the  sample  extract  filtrate  was 
transferred  into  a  one-oallon  glass  container  and  stored  at  4.*C.  When 
the  other  two  replicates  were  completed,  their  filtrates  were  added  to 
the  gallon  container;  the  volume  of  sample  extract  filtrate  totaled 
three  liters.  The  only  exception  to  this  was  for  Sample  S20011,  where 
the  volume  was  2S8S  ml  because  of  a  small  soil  sample  size. 

A  50Q-mL  aliquot  of  the  filtrate  was  taken  from  the  3-liter 
sample  and  placed  into  a  polyethylene  container  for  pH  measurement  and 
preservation  for  metal  analyses  (see  Section  6.0).  The  remaining 
sample  was  stored  at  4*C,  waiting  for  shipment  to  MRI. 


Table  4 

SCHEDULE  FOR  FILTERING 


Filtering  Storage 


Sample  Number 

Time 

Date 

Time 

Date 

S20001 

4:30  pm 

1/28/82 

2:00  pm 

1/29/82 

S20002 

4:30  pm 

1/28/82 

2:05  pm 

1/29/82 

S20003 

8:00  am 

2/1/82 

12:00  pm 

2/1/82 

S2000S 

1 :00  pm 

2/1/82 

4:30  pm 

2/1/82 

S20006 

3:00  am 

2/2/82 

1:15  pm 

2/2/82 

S2C007 

8:00  am 

2/2/82 

2:15  pm 

2/2/82 

S20009 

1 :20  pm 

2/2/82 

2:15  pm 

2/3/82 

S20010 

2:20  pm 

2/2/82 

6:30  pm 

2/2/82 

S2001 1 

9:00  am 

2/3/82 

1 :00  pm 

2/3/82 

S20012 

1 :00  pm 

2/3/82 

2:00  pm 

2/3/82 

S20Q13 

1 :00  pm 

2/3/32 

3:30  pm 

2/3/82 

S20016 

3:15  am 

2/4/82 

10:00  am 

2/8/82 

S20017 

3:30  pm 

2/3/82 

10:15  am 

2/4/82 

S20018 

3:30  pm 

2/3/82 

10:00  am 

2/4/82 

S20C20 

10:00  am 

2/4/82 

11:30  am 

2/8/82 

S20021 

10:00  am 

2/4/82 

12:00  pm 

2/8/82 

S20022 

11:00  am 

2/5/82 

12:30  pm 

2/8/82 

S20025 

2:30  pm 

2/9/82 

5:50  pm 

2/9/82 

S20026 

2:30  pm 

2/9/82 

9:00  am 

2/10/82 

S20C27 

2:30  pm 

2/9/82 

11:30  am 

2/10/82 
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Table  4  (Continued) 

SCHEDULE  FOR  FILTERING 

Filtering  Storage 

Sample  Number  Time  Date  Time  Date 


S20028 

3:30 

am 

S20030 

8:30 

am 

S20031 

9:30 

am 

S20034 

1:30 

pm 

S20035 

8:00 

am 

S20036 

3:30 

am 

S20038 

2:30 

pm 

S2Q039 

3:30 

am 

S20040 

8:30 

am 

S20041 

9:30 

am 

S2QQ43 

9:00 

am 

S20044 

1:00 

pm 

S20047 

11:00 

am 

S20043 

10:30 

am 

S2005I 

1:30 

pm 

S20052 

3:30 

am 

S20C33 

9:30 

am 

S20034 

2:55 

pm 

S20055 

10:0Cam 

S2Q056 

9:00 

am 

S20057 

10:30 

am 

S20058 

11:00 

am 

S20060 

3:30 

am 

S2C061 

9:00 

am 

S20062 

11:30 

am 

S20064 

10:00 

am 

S20065 

12:00 

pm 

SiOQSo 

1:30 

pm 

S20067 

4:30 

pm 

S2C063 

10:30 

pm 

2/10/22 

9:30  am 

2/10/82 

2/10/82 

11:30  am 

2/10/82 

2/10/82 

12:30  pm 

2/10/82 

2/9/82 

9;00  am 

.2/11/82 

2/9/82 

11:30  am 

2/9/82 

2/9/82 

12:00  pm 

2/9/32 

2/10/82 

9:00  am 

2/11/82 

2/10/82 

1 :00  pm 

2/10/82 

2/10/32 

1:30  pm 

2/10/82 

2/10/82 

11:00  am 

2/10/82 

2/11/82 

2:00  pm 

2/11/82 

2/11/82 

9:00  am 

2/12/82 

2/9/82 

3:00  pm 

2/9/82 

2/9/82 

3:00  pm 

2/9/82 

2/11/32 

5:50  pm 

2/11/82 

2/12/82 

3:30  pm 

2/12/82 

2/14/82 

5:15  pm 

2/12/32 

2/12/82 

11:00  am 

2/16/82 

2/16/82 

3:00  pm 

2/16/82 

2/11/32 

12:30  pm 

2/11/82 

2/10/82 

2:30  pm 

2/10/32 

2/10/32 

4:50  pm 

2/10/82 

2/16/82 

8:30  pm 

2/16/82 

2/13/82 

4:50  pm 

2/13/82 

2/13/82 

1:30  pm 

2/13/82 

2/14/82 

2:00  pm 

2/14/82 

2/13/82 

1:30  pm 

2/13/82 

2/14/32 

2:00  pm 

2/14/82 

2/16/82 

8:30  an 

2/16/82 

2/13/82 

12:00  pm 

2/13/82 

6.0  pH  DETERMINATION 


After  filtration,  the  sample  was  split  into  a  SOO-mL  sample 
(polyethylene  container)  for  inorganic  analysis  and  the  remainder  of 
the  sample  (amber  glass,  Teflon  cap)  for  organic  analysis.  The  pH  of 
the  sample  was  obtained  with  an  Orion  pH  meter  (Model  407A)  and  an 
Orion  combination  pH  electrode  (Model  91-05).  The  Orion  pH  meter  and 
electrode  were  calibrated  after  each  determination  with  two  buffer 
solutions  (pH4,  pH7).  The  results  of  the  pH  detenni nations  are  listed 
in  Table  5. 

After  deteraination  of  the  pH,  the  inorganic  aliquot  was  adjusted 
to  a  pH  value  of  lass  than  two,  with  Ultrex  nitric  acid  (volume  of 
added  acid  was  between  one  and  two  milliliters).  S-Cubed  also  provided 
to  MRI  a  one-liter  water  blanit  sample  for  analysis  of  organic  compounds 
and  a  500-mL  (with  the  added  Ultrex  v.itric  acid)  inorganic  blank. 


Table's 

pH  VALUES  FOR  THE  L£.^CHATE  SAMPLES 


Sample  Number 

pH  Yal 

S200C1 

6.9 

S20Q02 

4.8 

S20003 

4.9 

S20Q05 

5.8 

S200Q6 

4.8 

S20007 

4.4 

S20009 

4.8 

S20Q10 

5.4 

S2Q011 

5.9 

S20012 

8.4 

S20Q13 

8.2 

S20Q16 

5.5 

S20Q17 

5.8 

S20018 

5.6 

S20Q20 

8.1 

S2Q021 

5.3 
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Table  5  (Continued) 
pH  VALUES  FOR  THE  LEACHATE  SAMPLES 


Sample  Humber 


pH  Value 


S20022  5.6 
S2002S  8.5 
S2002S  4.7 
S20027  5.6 
S20028  5.5 
S20030  5.2 
S20031  5.6 
S20034  5.5 
S20Q35  5.8 


S20036  5.9 
S20038  8.5 
S20039  5.7 
S20040  5.5 
S20041  5.6 
S20043  5.5 
S20044  5.9 
S20047  5.0 
S2Q04a  5.4 


S20051  7.2 
S20052  6.5 
S2Q0S3  8.2 
S20Q54  8.2 
S20CS5  8.7 
S20056  5.3 
S200S7  4.6 
S2GCS3  6  5 
S20060  6*2 


S20061  5.0 
S20062  5  2 
S20064  9  1 
S20065  9*1 
S20066  9*1 
S20067  9*1 
S20068  8.6 
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APPEKOIX  B 


LIQUIO/SOLID  RATIO  (LSR)  DETERMIMATION  DATA  SHEETS 


Sdiii|>1e  Ut.  f»»r  Vol .  for  Katlo  Vwet  Vex  Tola]  Ut.  for  Fxtraction  Saiuple  Adjusted  Volunio 
llo.  L/!,  L/S  L/S  1000^  Volume  100  a  pli  pli  i^OO 


Sautple  Ut.  ror  Vol.  for  Ratio  Vwet  I  Vex  Total  Wt.  for  fxtractlon  Sample  Adjusted  Volume 
llo.  L/S,  L/S  L/S  j  lOUO  Volume  11)0  y  pll  p||  GOO 


Sample  Ht.  far  Vol .  for  Ratio  Vwet  Vex  Total  Wt.  for  Extraction  Sample  Adjusted 
Ho.  E/S  E/S  L/S  1000  Volume  100  g  pH  pH 


^'0  0 


Sdtnp)e  'Wt.  fur  Vo),  for  Ratio  Vv^et  Vex  Total  Ut.  for  f-xtraction  Sample  Adjusted  Volume 
no.  r/S  t/S  L/S  1000  volume  100  g  pll  pli  SOO 


sjoojM  j,K  «/l>  _ /o/(^ _ G/5^  jC-z _ 


Sample  Ut,  fur  Vol .  for  Ratlu  Vtvet  V-^x  Total  Ut.  fur  Extraction  Sample  Adjusted  Volume 
do.  L/S  L/S  L/S  lUUO  Volume  100  g  pli  pll  600 
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APPENDIX  C 


SWLP  ACTIVITIES  DATA  SHEETS 
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METHODS  FOR  BULK  .miYSIS  OF  ROCKY  MOUNTAIN  ARSENAL  fRMA) 
SUREACE  SOIL  SAi'lPLES  FOR  SEMIVOLATILE  ORGAillCS 


I.  lacroductiog 


MRI  persoonel  ace  curreatly  validating  a  proposed  method  for  the 
analysis  of  hazardous  waste  samples  for  organic  compounds.  Some  of  the 
samples  have  included  contaminated  soil  tad  sediment  samples.  We  believe 
the  method  described  below  will  work  very  wall  to  determine  the  identity 
and  amounts  of  semivolatile  organic  compounds,  including  the  10  designated 
compounds,  in  the  surface  soil  samples  from  RMA. 


II.  Analytical  Method 

•A .  Scope  and  Aonlication 

1.  This  method  covers  the  determination  of  semivolatile  organic 
compounds  in  nearly  all  types  of  samples,  regardless  of  water  content,  in¬ 
cluding  aqueous  sludges,  caustic  liquors,  acid  liquors,  waste  solvents, 
oily  wastes,  tars,  mosses,  fibrous  wastes,  polymeric  emulsions,  filter 
cakes,  spent  carbons,  spent  catalysts,  soils,  and  sediments. 

2.  The  method  is  applicable  to  the  detecmination  of  most  neutral, 
acidic,  and  basic  compounds  that  are  soluble  in  methylene  chloride  and  are 
capable  of  being  eluted  without  derivatization  as  sharp  peaks  from  a  gas 
chromatographic  fused  silica  capillary  column  coated  with  a  slightly  polar 
silicone.  Such  compounds  include  polycyclic  aromatic  hydrocarbons,  chlori¬ 
nated  hydrocarbons  and  pesticides,  phthalate  esters,  organophosphate  esters, 
nitrosamines ,  haloethers,  aldehydes,  ethers,  ketones,  anilines,  pyridines, 
quinolines,  aromatic  nitro  compounds,  and  phenols  including  nitrophenols . 

3.  The  detection  limit  of  the  method  for  determining  an  individ¬ 
ual  compound  is  approximately  I  ppm  (|Jg/g,  wet  weight).  For  samples  which 
contain  more  than  1  mg/g  of  total  solvent  extractable  material,  the  detec¬ 
tion  limit  is  proportionately  higher. 

4.  This  method  is  based  upon  a  solvent  extraction,  gas  chromato¬ 
graphic/mass  spectrometric  (GC/MS)  procedure. 

3.  This  method  is  restricted  to  use  by  or  under  the  supervision 
of  analysts  experienced  in  the  use  of  gas  chromatograph/mass  spectrometers 
and  skilled  in  the  interpretation  of  mass  spectra.  Each  analyst  must  demon¬ 
strate  the  ability  to  generate  accept.able  results  with  this  method. 

B.  Summary  of  the  Method 

A  measured  weight  of  sample,  3.0  g  wet  weight,  is  adjusted  to 
pH  7.0  and  sonified  with  150  ml  of  methylene  chloride.  Anhydrous  sodium 
sulfate  is  added  to  bind  the  water  present.  A  portion  of  the  methylene 
chloride  supernatant  is  concentrated  and  analyzed  by  GC/MS  using  a  fused 
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silica  capillary  column.  Qualitative  identification  is  performed  using  the 
retention  time  of  the  compound  and  the  relative  abundance  of  three  or  more 
characteristic  ions.  Quantitative  analysis  is  performed  using  an  internal 
standard  technique  with  a  single  characteristic  ion. 

C.  Safety 

The  toxicity  or  carcinogenicity  of  each  sample,  raagent,  and  cali¬ 
bration  compound  cannot  be  precisely  defined.  Thus,  each  sample  and  each 
chemical  compound  is  treated  as  a  potential  health  hazard.  From  this  view¬ 
point,  exposure  to  these  chemicals  must  be  minimized  by  whatever  means  avail¬ 
able.  .All  operations  involving  the  use  of  methylene  chloride  and  the  samples 
will  be  performed  in  a  hood.  Care  will  be  taken  to  avoid  contact  of  skin 
with  methylene  chloride.  All  work" with  the  sample  will  be  performed  in  a 
limited  access  laboratory.  Laboratory  coats,  safety  glasses,  and  gloves 
will  be  worn  by  all  personnel  working  with  the  contaminated  soil  samples. 

D.  Sample  Storage.  Preservation,  and  Handling 

The  contaminated  soil  samples  will  be  contained  in  glass  jars 
having  Teflon-lined  screw  caps.  The  samples  will  be  refrigerated  at  4“C 
from  the  time  of  collection  until  extraction.  .All  samples  will  be  extracted 
within  10  days  of  receipt  and  completely  analyzed  within  21  days  of  receipt. 

E.  Details  of  the  .Analytical  Method 


1.  An  aliquot  of  the  sample  is  first  extracted  to  determine  the  pH. 

a.  Thoroughly  mix  sample. 

b.  Weight  3.0  g  (wet  weight)  into  200-ml  centrifuge  tube. 

c.  .Add  15  ml  methylene  chloride  and  15  ml  of  water. 

d.  Sonify  mixture  for  2  rain. 

e.  Transfer  mixture  to  AOO-ral  beaker  using  50  ml  methylene 
chloride  and  150  ml  water  as  rinses. 

f.  Adjust  pH  of  mixture  to  7.0  t  0.2  by  titration  with  0.4  M 
H3p04or  0.4  M  K3PO4  using  a  pH  meter  to  measure  pH.  Record  volume  of  acid” 
on  base  required. 

2.  The  extraction  with  methylene  chloride  is  then  performed  using 
a  fresh  portion  of  the  sample. 

a.  Weigh  3.0  g  (wet  weight)  of  sample  into  200-al  centrifuge 

tube. 

b.  Add  15  ml  methylene  chloride. 

c.  .Add  1.0  ml  of  4  M  phosphate  buffer. 
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.d.  Add  an  amount  of  4  M  H3PO4  or  4  M  H3PO4  equal  to  one-tenth 
of  the  pH  7  acid  or  base  requirement  from  above. 

e.  Sonify  mixture  for  1  min  (cool  if  necessary  to  maintain 

20  to  SO^C). 

f.  Add  135  mi  of  methylene  chloride. 

g.  Sonify  mixture  for  1  min. 

h.  .Add  an  amount  of  anhydrous  sodium  sulfate  powder  equal 
to  15.0  g  plus  3.0  g/ml  of  the  4  M  HsPO^.  or  4  M  X3PO4  used  above. 

i.  Cap  centrifuge -tube  and  shake  for  1  min. 

j .  Sonify  uixture  for  2  min. 

k.  Obtain  clear  supernatant  by  letting  sample  stand  on  cen¬ 
trifuging  if  necessary. 

l.  Filter  a  portion  2  ml)  through  a  0.2  M  Teflon  filter. 

3.  A  portion  of  the  metuylene  chloride  extract  is  then  adjusted 
to  an  appropriate  volume  prior  to  capillary  GC/MS  analysis  by  determining 
the  total  solvent  extractable  constant  (TSEC)  and  screening  by  capillary 
GC/FID. 


a.  Transfer  0.1  ml  of  the  supernatant  from  above  to  a  tared 
aluminum  weighing  dish. 

b.  Place  sample  3  cm  from  heat  lamp  and  allow  solvent  to 
evaporate,  and  weigh  on  microbalance. 

c.  From  the  residue  weight,  adjust  an  appropriate  aliquot 
of  sample  extract,  using  Kudema-Oanish  concentration,  Co  a  final  volume 
such  that  the  TSEC  is  1  to  2  mg/ml. 

d.  Analyze  the  appropriately  concentrated  extract  by  gas 
chromatography  using  the  following  conditions: 

Detection:  Flame  ionization 

Column:  30  m  x  0.25  mm  ID  fused  silica  capillary  column 
coated  with  SE-S2  methyl  silicone 
Column  temperature:  30-40®C  (4-njin  hold),  then  3*C/mia 
to  300®C  (lO-min  hold) 

Column  flow;  30  cm/ sec  linear  velocity  (He) 

Injection  temperature:  233®C 
Detection  temperature:  300®C 
Injection:  Grob-type,  splitless 
Sample  volume:  1  |jl 
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e.  Further  adjust  volume  of  extract  if  necessary,  prior  to 
GC/MS  analysis,  so  that  the  average  peak  height  of  five  largest  peaks  corre¬ 
sponds  to  500  to  100  ng  as  determined  from  analysis  of  an  external  anthracene 
calibration  standard. 

4.  The  sample  is  now  ready  for  spiking  with  internal  standards 
and  analysis  by  GC/MS. 

a.  To  1.0  ml  of  the  sample  e.xtract  with  the  optimum  concen¬ 
tration,  add  a  volume  of  internal  standard  solution  containing  50  pg  of  the 
internal  standard,  Dj,o"anthracene. 

b.  Determine  the  concentration  relative  to  the  original 
sample  that  is  represented  by  the  50  pg  of  each  internal  standard  in  the 
l.Q  ml  aiquot  of  volume-adjusted  extract. 

c.  Tune  and  calibrate  Finnigan  4000  GC/MS  instrument  so  chat 
E?A-specified  tuning  criteria  are  met  for  DFTP?  and  so  that  50  ng  of  Dio 
phenanthrene  yields  about  200,000  counts. 

d.  .Analyze  the  sample  by  GC/MS  using  the  same  conditions 
described  above  for  the  GC/FTD  analysis.  The  initial  column  temperature 
should  be  30“G.  The  mass  spectrometer  should  be  scanned  from  40  to  450  amu 
with  a  0.75  -  1.0  search  per  scan  time. 

5.  The  GC/MS  data  from  the  sample  is  then  ready  for  inspection, 
interpretation,  evaluation,  and  compilation  as  described  below, 

a.  The  raw  data  are  searched  for  the  target  compounds  of 
interest  using  a  computer  automated  reverse  search  routine. 

b.  The  quantitation  report  from  the  reverse  search  is  in¬ 
spected  to  ensure  that  internal  standards  were  found  by  the  search  routine. 

c.  The  amounts  of  the  target  compounds  found  in  the  sample 
are  corrected  to  original  sample  concentrations. 

d.  The  mass  spectra  of  major  peaks  in  the  sample,  which  ace 
not  target  compounds,  are  searched  against  the  .MBS  library. 

e.  The  results  of  the  MBS  library  search  results  ace  e.xam- 
ined  manually  to  determine  if  they  provide  a  reasonable  identification  for 
the  compound.  Additional  manual  interpret-^tion  of  the  mass  spectra  is 
applied  when  needed. 

f.  Quantification  of  non-target  compounds  is  estimated  based 
on  the  area  counts  from  the  total  ionization  of  the  mass  spectrum  compared 
to  the  total  ionization  area  counts  of  the  internal  standard. 

6.  The  GC/MS  data  are  compiled  into  a  table  listing  the  compounds 
found  and  their  concentration  in  the  soil  samples.  If  any  compounds  cannot 
be  identified,  the  characteristic  mass  spectral  fragmentation  ions  and  the 
estimated  concentration  of  the  compound  will  be  reported. 
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Ill .  Qualir/  Assuranca/Qualicv  Control 

Tha  objective  of  the  QA/QC  activities  associated  with  this  project 
will  be  to  provide  data  of  known  quality.  In  case  the  results  of  the  analyses 
are  contested,  the  information  used  to  generate  the  data  will  have  been  thor¬ 
oughly  documented. 

A.  QA  Objectives 

The  objectives  of  the  QA/QC  activities  for  this  program  will  be 
to  make  certain  that  the  chemical  analyses  are  performed  under  controlled 
conditions  and  that  all  experimental  work  is  recorded  for  archival  storage. 

3.  Documentation  and  Records, 


The  documents  for  this  program  will  include  data  reports,  letters 
of  transmittal,  records  of  relevant  telephone  conversations,  and  all  data 
and  all  hard-copies  data  and  records  associated  with  effort  on  the  program. 

The  specific  data  for  which  records  will  be  kept  will  include  the 

following: 


*  Sample  Handling 

Date  received 

Condition  and  appearance  of  the  samples 
Location  and  temperature  of  storage 
Date  extracted 

Location  and  temperature  of  storage  of  extracts 

*  Analytical  Data 

Cate  of  GC/MS  analysis 
All  volumes  and  weights  used 
Dilution  and  concentration  factors 
Amounts  of  internal  standards  used 
Internal  standard  area  response 
Injection  volumes 

Relative  response  factors  used  for  quantification 
Total  solvent  extractable  content  (TSEC) 

Scan  number  and  retention  time  of  GC/MS  peaks 
Most  intense  mass  spectral  fragmentations 
Compound  identification 
Total  ion  chromatograms 
Library  search  results 

9-Track  tape  storage  files  of  all  GC/MS  data 
Results  of  analysis  of  calibration  standards 
.Mass  spectrometer  tuning  results 
Instrument  maintenance  records 
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c. 


Blanks  and  Soikes 


One  method  blank  and  one  fortifiel  blank  will  be  generated  during 
analysis  of  the  six  contaminated  soil  samples.  The  method  blank  sample  will 
consist  of  all  reagents  used  in  sample  preparation  and  carried  through  the 
entire  sample  preparation  process  and  analysed  by  GC/MS.  This  activity  will 
assess  purity  of  reagents  and  cleanliness  of  apparatus  and  environneat. 

The  fortified  blank  will  consist  of  all  reagents  used  in  sample  preparation 
plus  the  10  target  compounds  at  a  level  equivalent  to  10  Mg/g.  This  will 
be  carried  through  the  entire  sample  preparation  process  and  analyzed  by 
GC/MS.  This  activity  will  monitor  the  method  recovery  for  the  targeted 
compounds . 
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METHODS-  FOR  BULK  .ANALYSIS  OF  ROCKY  MOIIOTAIN  ARSENAL  (RMA) 
SURTACE  SOIL  SAMPLES  FOR  INORGANICS 


I .  latroductiog 


MRI  parsotmel  have  recently  investigated  analysis  procedures  for 
soil  samples,  including  digestion  studies  and  instrument  optimization.  The 
methods  described  below  are  expected  to  be  applicable  to  the  soil  samples 
from  RM. 


II.  Analytical  Method 

A.  Scope  and  Summary 


MRI  will  apply  accepted  analytical  methods  for  the  analysis  of 
soils  and  sediments  for  inorganic  constituents.  A  vigorous  nitric  acid  wet 
digestion  of  each  sediment  sample  will  be  performed  to  quantitatively  remove 
all  Hg,  As,  F,  and  other  constituents  of  interest.  The  acid  leachates  will 
first  be  quantitatively  analyzed  by  inductively  coupled  plasma  (ICP)  emission 
spectrometry  for  the  23  elements  listed  on  Table  I.  Mercury  and  arsenic 
will  also  be  determined  in  the  digests  by  cold  vapor  and  hydride  generation 
atomic  absorption  spectrophotometry,  respectively.  Fluoride  will  be  deter¬ 
mined  by  a  U.S.  Environmental  Protection  Agency  ion  selective  electrode 
method . 


B.  Safety 

All  samples  and  extracts  will  be  considered  hazardous  and  will  be 
handled  with  utmost  care.  Rigid  sample  and  extract  control  will  be  exer¬ 
cised  to  ensure  sample  integrity  and  minimize  human  exposure.  .All  acttul 
samples  and  digests  will,  be  stored  in  hoods  when  not  being  manipulated  in 
the  laboratory. 

All  pertinent  regulations  of  the  MRI  Safety  and  Health  Manual  and 
the  MRI  General  Safety  Regulations  for  the  Use  of  Carcinogenic  Materials 
will  be  followed.  In  particular,  all  equipment  and  containers  will  be  de¬ 
contaminated  as  prescribed. 

C,  Sample  Storage,  Preservation.  Handling 

Subsamples  for  inorganic  analysis  will  be  placed  in  clean  plastic 
bottles  fully  labelled  with  the  sample  name,  description,  date,  and  other 
necessary  information.  Extract  prepared  for  elemental  analysis  shall  be 
stored  at  room  temperature  in  the  Atomic  Spectroscopy  Preparation  Lab. 
Samples  for  F  analysis  will  be  stored  at  4®C  in  darkness  and  will  be  ana¬ 
lyzed  as  soon  as  possible  after  preparation. 


TABLE  1 


Element 

Sn 

T1 

As 

Hg 

Se 

Mo 

Sb 

Zn 

P 

Pb 

Co 

Cd 

Ni 

Be 

A1 

B 

Mn 

Fe 

Cr 

Fe 

Mg 

A1 

Cu 

Ag 

Ti 

Y 

Ca 

Ba 

Na 

K 


AVAILABLE  ANALYTICAL  CHANNELS 


o 

Wavelength  (A) 


Estimated  Detection 
Limit  (Mg/g  sediment 


1899 

1908 

1936 

1942 

1960 

2020 

2068 

2138 

2149 

2203 

2286 

2288 

2316 

2348 

2373 

2496 

2576 

2599 

2677 

2714 

2795 

3082 

3247 

3280 

3349 

3710 

3968 

4934 

5890 

7665 


1.2 

1.6 

2.0 

1.2 

3.0 

0.32 

1.2 

0.16 

2.4 

1.6 

0.28 

0.16 

0.60 

0.05 

1.0 

0.20 

0.08 

0.28 

0.28 

2.0 

1.2 

1.8 

0.24 

0.28 

0.16 

0.08 

0.40 

0.08 

1.2 
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D.  Method  Descriptioas 


1.  Sample  preoaratioa;  The  sediments  will  be  wet  digested  for 
dissolution  of  the  total  amount  of  metals  and  fluoride  present: 

a.  Five  grams  of  homogenized  sediment  and  20  g  of  concen¬ 
trated  Baker  UltrexS  HNO3  will  be  placed  in  250-ml,  acid-cleaned  Pyrex® 
graduated  Erlenmeyer  flasks. 

b.  The  flasks  will  be  capped  with  a  cleaned  glass  cap  and 
placed  in  an  oven  at  SO^C  for  2  hr. 

c.  The  tube  will  mildly  agitate  for  approximately  5  sec 
every  half  hour. 

d.  The  flasks  will  be  removed  and  cooled  to  room  temperature. 

e.  The  samples  will  be  diluted  to  volume  with  deionized  water. 

2.  Instrumental  anal vs is 


a.  ICP  emisjion  spectrometry 

(1)  Instrument  description:  A  30-channel  Jarrell-.Ash 
Model  1155 A  direct- reading  ICP  emission  spectrometry  will  be  used.  This 
instrument  has  the  following  features  to  enhance  sample  analysis  quality 
and  to  be  cost-effective: 

*  Triple  point  background  correction 

*  Automatic  interelement  spectral  interference  correction 

*  Spectrum  scanning  for  sample  matrix  ^diagnostics 

*  200  sample  autosampler 

*  Digital  Equipment  Corp.  PDF  11/23  computer  with 
advanced  data  management  capability 

Table  1  lists  the  analyte  emission  channels  and  the  in¬ 
strument  detection  limits  for  sediments.  The  detection  limits  are  defined 
as  three  times  the  standard  deviation  of  replicate  midrange  analyses . 

(2)  ICP  analysis  procedure:  ICP  analysis  will  follow 
the  U.S.  EPA  Interim  Method  200.7,  "Inductively  Coupled  Plasma  -  Atomic 
Emission  Spectrometric  Method  for  Trace  Element  .Analysis  of  Water  and  Wastes," 
November  1980.  The  analysis  quality  control  features  of  this  procedure  are 
discussed  in  the  next  section.  The  exceptions  are  that  an  interference 
check  sample  shall  be  analyzed  on  an  as-needed  basis  and  a  10%  nitric  acid 
matrix  will  be  used  for  calibration  standards.  .Appendix  A  contains  a  copy 

of  Interim  Method  200.7. 
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b.  Fluoride  poteatiomecry 


(1)  Instrument  description:  An  Orion  Model  601A  digital 
potentiometer  will  be  used  for  F  analysis-  An  Orion  F  selective  solid  elec¬ 
trode  will  be  the  working  electrode  and  a  Ag/AgCl  electrode  will  be  the  ref- 
ererice. 


(2)  F  potentiometry  procedure:  Fluoride  analysis  will 
follow  U.S.  SPA  Method  340-2-  If  necessary,  the  samples  will  be  distilled 
according  to  the  Rocky  Mountain  -Arsenal  procedure. 


c-  Atomic  absorption  analysis  for  As  and  Hg 

(1)  Instrument  description;  A  Varian  AA6  and  Varian 
AA5  spectrophotometer  will  be  used  for  As  and  Hg  analysis,  respectively. 

Both  instruments  have  hydro gen- lamp  background  correction. 

(2)  As  and  Hg  analysis  procedures :  Arsenic  analysis 
will  follow  both  Rocky  Mountain  .Arsenal  procedures  and  U.S.  EP.A  Method  206.3. 
A  1  hr  hot  HCl  incubation  at  90®C  will  be  used  to  reduce  any  AsCV)  to  As (III) 
instead  of  KI  and  SnCla- 

Mercury  analysis  will  follow  both  Rocky  Mountain  Arsenal 
procedures  and  U.S.  EPA  Method  245-1. 


I 

j 

i 
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III.  Quality  Assurance  Plan 

This  plan  conforms  with  the  overall  project  QA  plan  and  details 
actions  specific  to  inorganic  analysis  of  trace  metals  and  fluoride  in  di 
gestions  of  contaminated  pond  sediments. 


A.  Personnel  Resnonsibilities 


Dr.  L.  Petrie  will  act  as  the  inorganic  analysis  task  leader  for 
this  program.  He  will:  - 


1 


*  Maintain  document  control  of  laboratozry  data,  field  data,  notes, 
records,  etc. 

*  Verify  that  each  entry  is  valid  by  initialing  at  the  bottom  of 
each  workbook  page. 

*  Be  responsible  for  chain  of  custody. 

*  Immediately  report  in  memo  form  any  problems  which  arise  during 
the  course  of  the  task. 

*  Enforce  instrument  calibration  and  maintenance  procedures  and 
schedule. 
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B. 


Sample  Custody 


1.  All  field  samples  shall  be  stored  in  a  locked  refrigerator  at 
4*^0 .  Analysts  shall  record  in  a  bound  logbook  the  name,  date,  time,  and 
amount  of  each  sample  taken  for  preparation  and  analysis. 

2.  The  analyst  checking  out  samples  shall  complete  the  appropriate 
entries  on  one  of  the  three  project  data  recording  sheets  (Figures  1-3): 

*  Field  samples  -  for  samples  and  duplicate  subsamples 

*  Spikes  -  for  samples  fortified  for  analyte  recovery  study 

*  Blanks  -  for  method  blanks 

C.  Calibration  Procedures  and  Frequency 

1.  Each  instrument  shall  be  calibrated  at  the  frequency  stated 
in  the  analytical  methods  described  in  Section  D.  Generally,  calibration 
shall  be  at  least  once  every  time  a  batch  of  samples  is  analyzed. 

2.  For  ICP  emission  spectrometry,  an  Instrument  Check  Standard 
(ICS)  is  analyzed  after  calibration  according  to  Jarrell-Ash  instrument  oper¬ 
ating  procedures.  If  the  measured  concentration  values  for  the  analytes  of 
the  ICS  are  within  ±  S%  of  the  correct  values,  samples  can  then  be  analyzed. 
If  not,  the  instrument  must  be  recalibrated. 

3.  For  atomic  absorption  analysis,  four  calibration  standards 
and  a  reagent  blank  are  analyzed  in  triplicate.  A  linear  regression  of  the 
absorbance  values  versus  standard  concentration  is  performed.  If  the  coef¬ 
ficient  of  determination  (r^)  is  Z  0.996,  the  calibration  curve  is  suffi¬ 
ciently  linear  and  sample  analysis  may  begin.  Otherwise,  instrument  cali¬ 
bration  must  be  repeated. 

4.  For  fluoride  potentiometric  analysis,  a  six  standard  calibra¬ 
tion  curve  will  be  generated  before  analysis  of  each  sample  batch.  An 
Instrument  Check  Standard  (ICS)  will  be  analyzed  every  hour  to  assure  the 
instrument  is  still  calibrated. 

5.  A  bound  Instrument  Log  Book  (ILB)  will  be  kept  for  each  major 
laboratory  instrument  requiring  calibration  and  routine  maintenance: 

•  Mettler  Gram-Atic  analytical  balance 

•  Varian  AA6  spectrophotometer 

•  Varian  .AA5  spectrophotometer 

•  General  Electric  X-ray  diffractometer 

•  Jarrell-Ash  Model  1155A  emission  spectrometer 

•  Perkin-Elmer  306  spectrophotometer 

6.  The  ILB  shall  be  kept  beside  the  appropriate  instrument. 

7.  Each  ILB  will  be  divided  into  two  sections: 

•  Calibration 

’  Maintenance 
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Field  Samples 


RMA  Sample  No.  _  MRI  Sample  No.  7278-A  _ 

Matrix  _ 

Composite  Date  (Soils  Only)  _ 

Amount -Received  ________  Wt/Vol  Used  for  Analysis  _ 

Analyses  (Specify  GC/MS,  GC/OP,  Etc.)  _ 

Date  of  Sample  Preparation  _ 

Date(s)  of  .^l3rte  Detection _ _ 

Extraction  Solvent  (Specify)  _ 

Solvent  Volume  _ 

Solvent  Aliquot  Taken  for  Cleanup  or  Final  Concentration  _ 

Cleanup  Fraction  or  Final  Concentrate  Volume  ___________________________ 

Aliquot  of  Fixul  Concentrate  Taken  for: 

Dilution _ ml  Diluted  to  _ ml 

Concentration  _________  ml  Concentrated  to  _________  ml 

Additional  Dilution/Concentration? 

Describe  _ ml  to  _  ml 


QA  Sasiples  Associated  with  tliese  Anal3rses:  7278  QB  __________  # 

7278  QS  -  "  # 


Compounds  Detected 


Calculation  Location 
(Book  #.  p.  #) 


Concentration  in 
Original  Matrix 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Figure  1 
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Spikes 


QA  Sample  No.  7278-QS 


Analytes  So iked 


Specify  Analysis"”  Cons.  Nos.  for  Specified  Analyses 

;e(j  Amount  Matrix  Spiked  - - - 

Matrix  Volume  _ _ _ 


Date  of  Sample  Preparation  _ 

Date  of  Analyte  Detection  _ 

Extraction  Solvent  (Specify) 


Solvent  Volume 


Solvent  Aliquot  Taken  for  Cleanup  or  Final  Concentration 

Cleanup  Fraction  or  Final  Concentrate  Volume _ 

Aliquot  of  Final  Concentrate  Taken  for: 

Dilution _ •!  Diluted  to  - - 

Concentration  Concentrated  to  -  ■ 

Additional  Dilution/Concentration? 

Describe  .  — — — ^ 


ml  to 


Comoounds  Detected 


Calculation  Location  Concentration 

(Book  #.  oaqe  Analvte  (pg) /Matrix  (g  or  mi; 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


Ftaure  2 


Blanks 


QA  Sample  .'fo.  7278-QB  _  #  _ 

Specify  Analysis  Cons.  Nos.  for  Specified  AnaJyses 

Dace  of  Sample  Preparacion  _________________ 

Date  of  Analyte  Detection  _________________ 

Extraction  Solvent  (Specify)  _________________ 

Solvent  Volume  _ 

Solvent  Aliquot  Taken  for  Cleanup  or  Final  Concentration  _____________________ 

Cleanup  Fraction  or  Final  Concentrate  Volume 

Aliquot  of  Final  Concentrate  Taken  for: 

Dilution  ________  »1  Diluted  to  ________  »1 

Concentration  _____  »■!  Concentrated  to  ______  «1 

Additional  Dilution/Concentration? 

Describe  _ ml  to  mi 


Calculation  Location  Concentration 

Cooroounds  Detected  (Book  Analvta  (^Jg)/Mat^ix  (.ij  or  ml) 

1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


Flrars  3 


8.  The  "Calibratioa"  sectioa  will  coatain  a  tabular  listing  of 
the  following  entries  made  in  chronological  order: 

•  Date 

•  Tine 

•  Analyst 

•  Sample  Lab  ID 

•  '  Analyte 

•  Calibration  curve  data  (atomic  absorption) 

•  Instrument  profiling  data  (ICP  emission  spectrometry) 

9-  The  "Maintenance”  section  will  contain  a  chronological  narra¬ 
tive  entry  of  any  operation  difficulties,  repairs,  or  routine  maintenance: 

'  Date 

•  Time  ~ 

•  Analyte 

•  Description  of  Event 

•  Corrective  Action 

D.  Data  Analysis,  Validation  and  Reporting 

X.  General  oolicv 

a.  A  record  shall  be  kept  of  all  samples  entering  the  labor¬ 
atory  according  to  project,  sample  type,  and  arrival  date. 

b.  The  task  leader  will  be  responsible  for  assuring  adherence 
to  this  procedure. 

2.  General  data  entry 

a.  All  entries  of  original  data  or  information  shall  be  made 
with  waterproof  ink  directly  into  the  appropriate  permanent  record  medium. 

b.  Entries  shall  be  both  complete  and  timely. 

c.  Calculations  and  entries  of  all  measured  numbers  shall 
be  according  to  the  usual  significant  figure  convention. 

d.  All  original  data  entry  shall  be  placed  in  an  MRI 
Technical  Record  Book. 

3.  Sample  preparation 

a.  A  "Sample  Preparation  Sheet"  (Tigure  4)  will  be  prepared 
by  the  task  leader. 


b.  All  samples  to  be  prepared  will  be  batched  to  include 
all  necessary  QC  samples. 

c.  The  project  data  recording  sheets  shall  be  updated  by 
the  analyst  performing  the  sample  preparation. 
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SAilPlZ  ?3Z?A2Ar:CK  SHZi: 


3*4cr  '"c 


Aza.l-:-sz: 


Digeswisa  Cods: 


2iZi  btgrr:: 


Sacpl*  Voltssa  (-al)  or  Maja/g):  ^ 
"crrliioarlaa  l«v«la  (Tozil  g) : 
Digiac  riaai  Voluaa  (ol) :  _ 


Daca  Coaplarad: 


Sagrla  Coda 


Caraagta 


Sagola  Coda 


Coesaata 


13 

13 

16 

13 


L9 
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V 


25. 

27. 

23. 

29. 

30. 

31. 

32. 

33. 

34. 
33. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 
30. 


Flgura  4 


4.  Sample  analysis 


a.  ICP  amission  soectrometr? 


(1)  An  ’’ICP  Data  Report  Sheet"  (Figure  5)  shall  be  com¬ 
pleted  for  each  set  of  sample  analyses.  This  sheet  described  the  important 
instrument  operating  conditions  and  where  the  generated  raw  is  stored  on 
disk  in  the  computer. 

(2)  With  each  sample  determination,  a  terminal  printout 
of  the  final  concentration  values  also  generated  will  be  stored  with  other 
raw  data  records. 

(3)  Before  quantitative  analysis  of  samples  is  attempted, 
a  check  will  be  made  of  potential  spectral  interferences  so  that  they  can 

be  compensated  by  the  computer  data  calculation  programs.  The  emission  spec¬ 
trum  is  scanned  one  angstom  on  either  side  of  analyte  emission  peaks  for  a 
representative  sample.  The  results  of  the  spectrum  scan  study  will  be  sum¬ 
marized  (Figure  6)  and  placed  in  the  appropriate  MRI  Technical  Record  Book. 

b.  Atomic  absorption  spectrophotometry’;  A  two-page  ".AA  Data 
Reporting  Sheet"  (Figure  7)  will  be  completed  for  each  sample  analysis  ses¬ 
sion.  This  sheet  contains  the  following: 

*  Instrument  operating  parameters 

*  Calibration  information 

’  Detection  limit  calculations 

*  Sample  absorbance  values 

*  Raw  data  calculations 

c.  Fluoride  potentiometry;  All  calibration  curve  data,  mea¬ 
sured  electrode  potentials,  and  calculated  data  will  be  recorded  directly 
into  the  appropriate  MRI  Technical  Record  Book. 

d.  Project  data  recording;  The  three  project  data  recording 
sheets  (Figures  1-3)  will  be  completed  by  the  analyst  at  the  time  of  sample 
analysis. 


The  completed  sheets  will  be  given  to  the  project  leader  and 
a  copy  will  be  retained  in  the  appropriate  MRI  Technical  Record  Book. 

e.  Internal  quality  control  checks;  Unless  specifically 
detailed,  the  following  frequency  of  quality  control  samples  will  be  carried 
for  As,  Hg,  and  F: 


(1)  Reagent  blank:  A  minimum  of  one  per  10  samples. 
For  liquid  samples,  the  same  volume  of  deionized  water  will  be  used  as  used 
for  samples.  For  solid  samples,  merely  add  the  preparation  chemicals  to  an 
empty  container. 


(2)  Duplicate  sample;  A  minimum  of  one  per  10  samples. 
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ICP  DATA  REPORTING  SHEET 


Project  No.: _ 

Sample  Matrix: _ 

Elements : _ 

Instrument  Parameters 

Forward  Power  (kw) : _ 

Reflected  Power  (w)  : _ 

Observation  Height  (mm) : 

Nebulizer  T:/pe: _ 

(FCF  ■  Fixed  crossflow) 
(HS  ■  High  solids) 

Sample  Analysis 


Analyst: _ 

Date: _ 

Digestion  Code: 


Coolant  Gas  Flow  (I /min) : 
Plasma  Gas  Flow  (2/min):_ 
Sample  Gas  Flow  {l/min):_ 
Solution  Uptake  (ml/min) : 
Peristaltic  Pump  Used?: 


ACT  Name: 


Test  Performed; _ Spectrum  Scan 

Integration  Time  (sec): 
Data  Files: _ 


Disk  Name: 

Puantitation  and  Log 

Command  String: _ 

Data  File  Name: _ 

Disk  Name : 

Puantitation  and  Store 
Command  String: 

Data  File  Name: 

Disk  Name:  _ 


Figure  5 
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SPECmUM  SCAM 


Project  No:  Dace: _ 

Integration  Time  (sec) : _  Analyst: 


LCN 

Element 

1 

LV 

Ag 

3 

A1 

4 

A1 

5 

As 

6 

B 

7 

Ba 

3 

Be 

9 

Ca 

10 

Cd 

U 

Co 

12 

Cr 

13 

Cu 

14 

Fa 

15 

Fe 

16 

Hg 

17 

K 

13 

Mg 

19 

Mn 

20 

Mo 

21 

Na 

22 

Ni 

23 

P 

24 

Pb 

25 

Sb 

26 

S« 

27 

Sn 

23 

Xi 

29 

T1 

30 

Y 

31 

Zn 

Wavelength  (A) 

1001 
3230 
3082 
2.373 
1937 
2496 
4934 
2343 
3968 
2288 
2286  ' 
2677 
3247 
2599 
2714 
1942 
7664 
2795 
2576 
2020 
5890 
2316 
2149 
2203 
2068 
1960 
1899 
3349 
1908 
3710 
2138 


Comments 


Figure  6 
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A 
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Average  absorbance  of  lowesc  scaadard  (A): 


Figure 
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(3)  Spiked  sample:  A  minimum  of  one  per  10  samples. 

The  sample  should  be  spiked  ac  a  sufficiently  high  level  to  cause  (1)  a  50 
to  150%  increase  in  the  sample  analyte  concentration  or  (2)  a  measurable 
analyte  concentration  three  times  the  LCQ.  Unknown  samples  should  be  spiked 
instead  of  reagent  blanks. 

(h)  Blind  QC  sample:  One  per  analysis  sample  set. 

These  samples  are  prepared  by  the  project  QC  coordinator. 

f.  Corrective  action:  Two  types  of  corrective  action  formats 
will  be  used  according  to  MRI  standard  operating  procedure  QA-10.  These 
formats  are  immediate  (on-the-spot)  and  long-term  (closed  loop)  corrective 
action. 

*  Immediate  (on-the-spot)  corrective  action  responds 
quicklj  to  indications  of  malfunctioning  equipment  or 
suspicious  data.  The  QCC  and  principal  investigator 
will  be  notified  of  the  problem  immediately.  They 
will  then  take  appropriate  action  and  document  any 
changes.  The  QCC  is  responsible  for  and  is  authorized 
to  halt  sampling  or  analysis  if  he  determines  that  a 
serious  problem  exists. 

*  Long-term,  closed-loop,  corrective  action  is  used  to 
prevent  the  reoccurrence  of  unanticipated  problems. 
Long-term  corrective  action  steps  consist  of: 

•  Definition  of  the  problem 

‘  Investigation  to  determine  the  cause 

•  Determination  of  the  appropriate  corrective  action 

•  Implementation  of  corrective  action 

•  Verification  of  the  effectiveness  of  the  corrective 
action  by  followup 

2.  Quality  assurance  reports  to  management:  The  QAM  will,  in  co¬ 
operation  with  the  program  manager,  identify  critical  phases  of  the  project 
which  will  be  subject  to  inspection.  The  inspection  will  include  a  review  of: 

Data  entry 

Data  errors,  deletions,  and  corrections 

Records  and  other  information 

Configuration  control 

Equipment  maintenance  and  calibration  records 

Document  control 

The  results  of  inspections  will  be  reported  to  management  according 
to  MRI  standard  operating  procedure  QA-9. 
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APPEiroiX  A 


U.  S.  ejIVISOd'OTAL  PROTcCTIOIl  AScNCY 
Environmental  Monitoring  and  Supoort  Laboratory 
Cincinnati,  Ohio  iSESS 


Forswore 


Tnis  method  has  been  prasarsd  iy  the  staff  of  the  invironmental 
Monitoring  and  Support  Laboratory  -  Cincinnati,  with  the  cooperation  of  the 
£?A-IC?  Users  Group.  Their  cooperation  and  support  is  gratefully  acknowi- 
eoged.  . 

This  method  represents  the  current  state-of-the-art,  but  as  time  pro¬ 
gresses,  improvesients  are  anticipated.  Users  are  encouraged  to  identify 
problems  and  assist  in  updating  the  method  by  contacting  the  Environmental 
Monitoring  and  Support  Laboratory,  Cincinnati,  Ohio,  45265. 


Figure  L 
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1. 


INDUCTIVELY  COUPLED  ?'J\S^!A-, ATOMIC  EMISSION  SPECTROMETHIC  METHOD 
FOR  TRACE  ELEMENT  ANALYSIS  OF  WATER  AND  WASTES 

Scope  and  Application 

1.1  This  method  may  be  used  for  the  determination  of  dissolved,  sus¬ 
pended,  or  total  elements  in  drinking  water,  surface  water, 
domestic  and  Industrial  wastewaters. 

1.2  Dissolved  elements  are  determined  in  Filtered  and  acidified 
samples.  Appropriate  steps  must  be  taken  in  all  analyses  to  ensure 
that  potential  interference  are  taken  into  account.  This  is 
esoecially  true  when  dissolved  solids  exceed  1500  mg/1.  (See  A.) 

1.3  Total  alenents  are  determined  after  appropriate  digestion  pro¬ 
cedures  are  performed.  Since  digestion  techniques  increase  the 
dissolved  solids  content  of  the  samples,  appropriate  steps  must  be 
taken  to  correct  for  potential  interference  effects.  (See  A.) 

1.4  Table  1  lists  elements  for  which  this  method  applies  along  with 
recommended  wavelengths  and  typical  estimated  instrumental  detec¬ 
tion  limits  using  conventional  pneumatic  nebul ization.  Actual 
working  detection  limits  are  sample  dependent  and  as  the  sample 
matrix  varies,  these  concentrations  may  also  vary.  In  time,  other 
elements  may  be  added  as  more  information  becomes  available  and  as 
required. 

1.5  Because  of  the  differences  between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed  instrumental  operating 
instructions  can  be  provided.  Instead,  the  analyst  is  referred  to 
the  instructions  provided  by  the  manufacturer  of  the  particular 

i nstrument . 
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Fizure  2 


Table  1  -  Recommended  Wavelengths^)  and 
Estimated  Instrumental  Detection  Limits 


Element 

Wavelength,  nm 

Estimatao  detection 
limit,  ug/l(2) 

Alumi num 

308.215 

45 

Arsenic 

193.696 

53 

Antimony 

206.323 

32 

Barium 

455.403 

2 

Beryl! ium 

313.042 

0.3 

Boron 

249.773 

5 

Cadmium 

226.502 

4 

Calcium 

317.933 

10 

Chromium 

267.716 

7 

Cobalt 

228.616 

7 

Copper 

324.754 

5 

Iron 

259.940 

7 

Lead 

220.353 

42 

Magnesium 

279.079 

30 

Manganese 

257.610 

2 

Molybdenum 

202.030 

3 

Nickel 

231,604 

Potassium 

766.491 

$ee(^) 

Selenium 

196.026 

75 

Silica  (SiOa) 

238.153 

33 

Silver 

323.068 

7 

Sodium 

588.995 

29 

Thallium 

190.354 

40 

Vanadium 

292.402 

8 

Zinc 

213,856 

2 

Tne  wavelengths  listed  are  recommended  decause  of  their  sensitivity 
and  overall  acceptance.  Other  wavelengths  may  be  substituted  if 
they  can  provide  the  needed  sensitivity  and  are  treated  with  the 
same  corrective  techniques  for  spectral  interference.  (Sea  4.1.1). 

(2)  The  estimated  instrumental  detection  limits  as  sho’wn  are  taken  from 
"Inductively  Coupled  Plasma-Atomic  Emission  Spectroscopy-Prominent 
Lines,"  EPA-600/4-79-017.  They  are  given  as  a  guide  far  an  instru¬ 
mental  limit.  Tne  actual  method  detection  limits  are  sample 
dependent  and  may  vary  as  the  sample  matrix  varies. 

*^2)  Highly  dependant  on  operating  conditions  and  plasma  position. 
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2.  Sunwary  of  Method 

2.1  The  method  describes  »-tecnrv-(qu&ufcn)  <-h>»  <;hmiJtah«mii«rng-A^tywHrTa3rf 
■trtggagawHtfu?aiei^ttaii5i  of  trace  elements  in  solution.  The 
basis  of  the  method  is  the  measurement  of  atomic  emission  by  an 
optical  spectroscopic  technique.  Samples  are  nebulized  and  the 
aerosol  that  is  produced  is  transported  to  the  plasma  torch  where 
excitation  occurs.  Characteristic  atomic-line  emission  spectra  are 
produced  oy  a  radio-frequency  inductively  coupled  plasma  (ICP). 

The  spectra  are  dispersed  by  a  grating  spectrometer  and  the  inten¬ 
sities  of  the  lines  are  monitored  by  photomultiplier  tubes.  The 
photocurrents  from  the  photomultiplier  tubes  are  processed  and 
controlled  by  a  computer  system.  A  bacl<grcund  correction  technique 
is  required  to  compensate  for  variable  background  contribution  to 
the  determination  of  trace  elements.  Background  must  be  measured 
adjacent  to  analyte  lines  on  samples  during  analysis.  The  position 
selected  for  the  backgrouna  intensity  measurement,  on  either  or 
both  sides  of  the  analytical  line,  will  be  determined  by  the  com¬ 
plexity  of  the  spectrum  adjacent  to  the  anab/te  line.  The  position 
used  must  be  free  of  spectral  interference  and  reflect  the  same 
change  in  background  intensity  as  occurs  at  the  analyte  wavelength 
measured.  Background  correction  is  not  required  in  cases  of  line 
broadening  where  a  background  correction  measurement  would  actually 
degrade  the  analytical  result.  The  possibility  of  additional 
interferences  named  in  4.1  (and  tests  for  their  presence  as 
described  in  4.2)  should  also  be  recognized  and  appropriate 
corrections  made. 
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Definitions 

3.1  Dissolved  —  Those  elements  which  will  pass  through  a  0.45  um 
membrane  filter. 

3.2  Suspended  —  Those  elements  which  are  retained  by  a  0.45  um 
membrane  filter. 

3.3  Total  —  The  concentration  determined  on  an  unfiltered  sample 
following  vigorous  digestion  (Section  3.3),  or  the  sum  of  the 
dissolved  plus  suspended  concentrations.  (Section  3.1  plus  3.2). 

3.4  Total  recoverable  —  The  concentration  determined  on  an  unfiltered 
sample  following  treatment  with  hot,  dilute  mineral  acid  (Section 
3.4). 

3.5  Instrumental  detection  limit  —  Tne  concentration  equivalent  to  a 
s-'gna!,  due  to  the  analyte,  which  is  equal  to  three  times  the 
standard  deviation  of  a  series  of  tan  replicate  measurements  of  a 
reagent  blank  signal  at  the  same  wavelength. 

3.6  Sensitivity  —  The  slope  of  the  analytical  curve,  i.e.  functional 
relationship  between  amission  intensity  and  concentration. 

3.7  Instrument  check  standard  —  A  multielement  standard  of  known 
concentrations  prepared  by  the  analyst  to  monito”  and  verify 
instrument  performance  on  a  daily  basis.  (See  S.S.l) 

3.3  Interferenca  check  sample  -  A  solution  containing  both  interfering 
and  analyte  elements  of  known  concentration  that  can  be  used  to 
verify  background  and  interelement  correction  factors.  (Sea  6.6.2.) 

3.9  Quality  control  sample  —  A  solution  obtained  from  an  outside 

source  having  known,  concentration  values  to  be  usee  to  verify  the 
calibration  standards.  (See  6.6.3) 
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3.10  Calibration  standards  —  a  sarias  of  known  standard  solutions  usad 
by  the  analystfor  calibration  of  the  instrument  (i.e.,  preparation 
of  the  analytical  curve).  (Sae  5.<l) 

3.11  Linear  dynamic  ranoe  —  Tne  concentration  range  over  which  the 
analytical  curve  remains  linear. 

3.12  Reagent  blank  —  A  volume  of  deionized,  distilled  water  containing 
the  sarwe  acid  matrix  as  the  calibration  standards  carried  through 
the  entire  analytical  schema.  (Sea  5.5.2) 

3.13  Calibration  blank  —  A  volume  of  deionized,  distilled  water  acidi¬ 
fied  with  HNO^  and  HC1.  (See  5.5.1) 

3.U  Method  of  standard  addition  —  Tne  standard  addition  technigue 

involves  the  use  of  the  unknown  and  the  unknown  plus  a  known  amount 
of  standard.  (Sea  9.5.1.) 

4.  Interferences 

4.1  Several  types  of  interference  effects  may  contribute  to  inac¬ 
curacies  in  the  determination  of  trace  elements.  They  can  be 
summarized  as  follows: 

4.1.1  Spectral  interferences  can  be  categorized  as  1)  overlap  of  a 
spectral  line  from  another  element;  2)  unresolved  overlap  of 
molecular  band  spectra;  3)  background  contribution  from 
continuous  or  recombination  phenomena;  and  4)  background 
contribution  from  stray  light  from  the  line  emission  of  high 
concentration  elements.  The  first  of  these  effects  can  be 
compensated  by  utilizing  a  computer  correction  of  the  raw 
data,  requiring  the  monitoring  and  measurement  of  the 
interfering  element.  The  second  effect  may  require  selec- 
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t1on  of  an  altarnata  wavelength.  The  third  and  fourth 
effects  can  usually  he  compensated  by  a  background  correc¬ 
tion  adjacent  to  the  analyte  line.  In  addition,  users  of 
simultaneous  multi-element  instrumentation  must  assume  the 
responsibility  of  verifying  the  absence  of  spectral  inter¬ 
ference  from  an  element  that  could  occur  in  a  sample  but  for 
which  there  is  no  channel  in  the  instrument  array.  Listed 
in  Table  2  are  some  interference  effects  for  the  recommended 
wavelengths  given  in  Table  1.  The  data  in  Table  2  are 
intended  for  use  only  as  a  rudimentary  guide  for  the  indica¬ 
tion  of  potential  spectral  interferences.  For  this  purpose, 
linear  relations  between  concentration  and  intensity  for  the 
analytes  and  the  interferents  can  be  assumed. 

The  intarferenca  information,  which  was  collected  at  the 
Ames  Laboratory^  is  expressed  as  anal:/te  concentration 
eqivalents  (i.e.  falsa  analyte  concentrations)  arising  from 
IOC  mg/1  of  the  Interfarant  element.  Tlie  suggested  use  of 
this  information  is  as  follows;  Assume  that  arsenic  (at 
193.596  nm)  is  to  be  determined  in  a  sample  containing 
approximately  10  mg/1  of  aluminum.  According  to  Table  2, 
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Ames  Laboratory,  USDOc, 


Iowa  State  University,  Ames  Iowa 


30011 
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Table  2.  Analyte  Concentration  Equivalents  (mg/I)  Arising 
From  Interferents  at  the  lUO  mg/ I  Level 
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Vanadium  292.402  —  —  0.05  —  0.005  —  —  —  0.02 

Zinc  213.856  —  —  —  0.14  —  —  —  0.29 


TOO  oig/T  of  aluminum  would  yield  a  falsa  signal  for  arsenic 
equivalent  to  approximately  1.3  mg/1.  Therefore,  10  mg/1  of 
aluminum  would  result  in  a  falsa  signal  for  arsenic  equiva¬ 
lent  to  approximately  0.13  mg/1.  The  reader  is  cautioned 
that  other  analytical  systems  may  exhibit  somewhat  different 
levels  of  interference  than  those  shewn  in  Table  2,  and  that 
the  interference  af facts  must  be  evaluated  for  each  indi¬ 
vidual  system. 

Only  those  interfarents  listed  were  investigated  and  the 
blank  spaces  in  Table  2  indicate  that  measurable  interfer¬ 
ences  were  not  observed  for  the  interferent  concentrations 
listed  in  Table  3.  Generally,  interferences  were  discern¬ 
ible  if  they  produced  peaks  or  background  shifts  corres¬ 
ponding  to  2-5S  of  the  peaks  generated  by  the  analyte 
concentrations  also  listed  in  Table  3. 

At  present,  information  on  the  listed  silver  and  potassium 
wavelengths  are  not  available  but  it  has  been  reported  that 
second  order  energy  from  the  magnesium  333.231  nm  wavelength 
interferes  with  the  listed  potassium  line  at  766.491  nm. 

4.1.2  Physical  interferences  are  generally  considered  to  be 
effects  associated  with  the  sample  nebulization  and 
transport  processes.  Such  properties  as  change  in  viscosity 
and  surface  tension  can  cause  significant  Inaccuracies 
especially  in  samples  which  may  contain  high  dissolved 
solids  and/cr  acid  concarttratiens.  The  use  of  a  peristaltic 
pump  may  lessen  these  interferences.  If  these  types  of 
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intarfsrancas  ara  operative,  they  must  be  reduced  by  dilu¬ 
tion  of  the  sample  and/or  utilization  of  standard  addition 
tachniques.  Another  problem  which  can  occur  from  high 
dissolved  solids  is  salt  buildup  at  the  tip  of  the  nebuli¬ 
zer.  This  affects  aersol  flow  rata  causing  instrumental 
drift.  Wetting  the  argon  prior  to  nebul ization,  the  use  of 
a  tip  washer,  or  sample  dilution  have  been  used  to  control 
this  problem.  Also,  it  has  been  reported  that  better 
control  of  the  argon  flow  rata  improves  instrument  perform¬ 
ance.  This  is  accomplished  with  the  use  of  mass  flow 
controllers. 

4.1.3  Chemical  Intarfarancas  ara  characterized  by  molecular 

compound  formation,  ionization  effects  and  solute  vaporiza¬ 
tion  effects.  Mormally  these  affects  are  not  pronounced 
with  the  IC?  technique,  however,  if  observed  they  can  be 
minimized  by  careful  selection  of  operating  conditions  (that 
is,  incident  power,  observation  position,  and  so  forth),  by 
buffering  of  the  sample,  by  matrix  matching,  and  by  standard 
addition  procacuras.  Tnese  types  of  inzarfarencas  can  be 
highly  dependent  on  matrix  type  and  the  specific  analyte 
element. 

4.2  It  is  reccmmendad  that  whenever  a  new  or  unusual  samp ‘'a  matrix  is 
encountered,  a  series  of  tests  be  performed  prior  to  reporting 
concentration  data  for  analyte  elements.  These  tests,  as  outlined 
in  4.2.1  through  4.2.4,  will  ensure  the  analyst  that  neither 
positive  nor  negative  interference  effects  are  operative  on  any  of 
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Table  3. 

Interfarent  and  Analyte  -Teniental 

Concentrations 

Used 

for  Interference  Measurements  in 

Table  2. 

Analytes 

(mq/1) 

Interferents 

(mo/l ) 

A1 

10 

A1 

1000 

As 

10 

Ca 

1000 

B 

10 

Cr 

200 

8a 

1 

Cu 

200 

Be 

1 

Fe 

1000 

Ca 

1 

Mg 

1000 

Cd 

10 

Mn 

200 

Co 

1 

Ni 

200 

Cr 

1 

Ti 

200 

Cu 

1 

V 

200 

Fe 

1 

Mg 

1 

Mn 

1 

Mo 

10 

iNa 

10 

N1 

10 

Pb 

10 

Sb 

10 

Se 

10 

Si 

1 

T1 

10 

V 

1 

Zn 

10 

10 
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the  analyte  alanents  thereby  distorting  the  accuracy  of  the 
reported  values. 

4.. 2.1  Serial  dilut1gn«-If  the  analyte  concentration  is  sufficiently 
high  (minimally  a  factor  of  10  above  the  instrumental 
detection  limit  after  dilution),  an  analysis  of  a  dilution 
should  agree  within  5  percent  of  the  original  determination 
(or  within  soma  acceptable  control  limit  (13.3)  that  has 
been  established  for  that  matrix.).  If  not,  a  chemical  or 
physical  interference  effect  should  be  suspected. 

4.2.2  Spike  addition— The  recovery  of  a  spike  addition  added  at  a 
minimum  level  of  lOX  the  instrumental  detection  limit 
(maximum  IQOX)  to  the  original  determination  should  be 
recovered  to  within  90  to  110  percent  or  within  the  estab¬ 
lished  control  limit  for  that  matrix.  If  not,  a  matrix 
effect  should  be  suspected.  The  use  of  a  standard  addition 
analysis  procedure  can  usually  compensate  for  this  effect. 

Caution:  The  standard  addition  technique  does  not  detect 
coincident  spectral  overlap.  If  suspected,  use  of 
computerized  compensation,  an  alternate  wavelenrth,  or 
comparison  with  an  alternate  method  is  recommended  (See 
4.2.3). 

4.2.3  Comparison  with  alternate  method  of  analysis— When  investi¬ 
gating  a  new  sample  matrix,  comparison  tests  may  be 
performed  with  other  anal.-'tical  techniques  such  as  atomic 
absorption  spectrometry,  or  other  approved  methodology. 
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priata  equipment  Is  availabla,  wavelength  scanning  can  be 
performed  to  datact  potential  spectral  interferences. 

5.  Apparatus 

5.1  Inductively  Coupled  Plasma-Atomic  Emission  Spectrometer. 

5.1.1  Computer  controlled  atomic  amission  spectrometer  with  back¬ 
ground  correction. 

5.1.2  Sadiofrequency  generator. 

5.1.3  Argon  gas  supply,  welding  grade  or  better. 

5.2  Operating  conditions  —  Because  of  the  differences  between  various 
makes  and  models  of  satisfactory  instruments,  no  detailed  operating 
instructions  can  be  provided.  Instead,  the  analyst  should  follow 
the  instructions  provided  by  the  manufacturer  of  the  particular 
instrument.  Sensitivity,  instrumental  detection  limit,  precision, 
linear  dynamic  range,  and  interference  effects  must  be  investigated 
and  established  for  each  individual  analyte  line  on  that  particular 
instrument.  It  is  the  responsibility  of  the  analyst  to  verify  that 
the  instrument  configuration  and  operating  conditions  used  satisfy 
the  analytical  requirements  and  to  maintain  quality  control  data 
confirming  instrument  performance  and  analytical  results. 

6.  Reagents  and  standards 

5.1  Acids  used  in  the  preparation  of  standards  and  far  sample  proces¬ 
sing  must  be  ultra-high  purity  grade  or  equivalent.  Redistilled 
acids  are  acceptable. 

6.1.1  Acetic  acid,  cone,  (sp  gr  1.06). 

5.1.2  Hydrochloric  acid,  cone,  (sp  gr  1.19). 


5.1.3  Hydrachloric  acil,  (1-1):  Add  300  utl  cone.  HCl  (sp  gr  1.19) 
to  400  ml  deionized,  distilled  water  and  dilute  to  1  liter. 

6.1.4  Nitric  acid,  cone,  (sp  gr  1.41). 

•  5.1.5  Nitric  acid,  (1+1):  Add  300  ml  cone.  HNC^  (sp.  gr  1.41) 

to  400  ml  deionized,  distilled  water  and  dilute  to  1  liter. 

6.2  Deionized,  distilled  water:  Prepare  by  passing  distilled  water 
through  a  mixed  bed  of  cation  and  anion  exchange  resins.  Use 
deionized,  distilled  water  for  the  preparation  of  all  reagents, 
calibration  standards  and  as  dilution  water.  T'-e  purity  of  this 
water  must  be  equivalent  to  ASTii  Type  II  reagent  water  of  Specifi¬ 
cation  D  1193  (13.5). 

6.3  Standard  stock  solutions  may  be  purchased  or  prepared  from  ultra 
high  purity  grade  chemicals  or  metals.  All  salts  must  be  dried  for 
1  h  at  105*^C  unless  otherwise  specified. 

(CAUTION:  Many  metal  salts  are  extremely  toxic  and  may  be  fatal  if 
swallowed.  Wash  hands  thoroughly  after  handling.) 

Typical  stock  solution  preparation  procedures  follow: 

6.3-1  Aluminum  solution,  stock,  1  ml  »  100  ug  Al:  Oissolve 
0.100  g  of  aluminum  metal  in  an  acid  mixture  of  4  ml  of 
(1+1)  HCl  and  1  ml  of  cone.  HNO2  in  a  beaker.  Warm  gently 
to  effect  solution.  When  solution  is  complete,  transfer 
quantitatively  to  a  liter  flask  add  an  additional  10  ml  of 
(1+1)  HCl  and  dilute  to  1,000  ml  with  deionized,  distilled 
water . 

6.3.2  Antimony  solution  stock,  1  ml  ■  100  ug  Sb:  Oissolve 
0.2669  g  K(Sb0)C^H^0g  in  deionized  distilled  water, 


add  ’0  .Ttl  (1+1)  HCl  and  diluta  to  1000  ml  with  deionizad, 
distilled  water. 

5.3.3  Arsenic  solution,  stack,  1  ml  »  100  ug  As:  Dissolve 
0.1320  g  of  AS2O2  in  100  ml  of  deionizad,  distilled 

water  containing  0.4  g  NaOH.  Acidify  the  solution  with  2  ml 
cone.  HNO^  and  dilute  to  1,000  ml  with  deionized,  dis¬ 
tilled  water. 

5.3.4  Sarium  solution,  stock,  1  ml  *  100  ug  Ba:  Dissolve  0.1516  g 
3aCl2  (dried  at  250*^0  for  2  hrs)  in  10  ml  deionizad, 
distilled  water  with  1  ml  (1+1)  HCl.  Add  10.0  ml  (1+1)  HCl 
and  diluta  to  1,000  ml  with  deionized,  distilled  water. 

5.3.5  Beryl! iun  solution,  stock,  1  ml*  100  ug  Be:  Do  not  dry. 
Dissolve  1.966  g  BeSO^  *  4H2O,  in  deionized,  distilled 
water,  add  10.0  ml  cone.  HNO^  and  dilute  to  1,000  ml  with 
deionizad,  distil lad  water. 

6.3.6  Boron  solution,  stack,  1  ml  *  100  ug  3:  Do  not  dry. 

Dissolve  0.5716  g  anhydrous  H^BO^  in  deionized,  dis¬ 
tilled  water  and  diluta  to  1,000  ml.  Use  a  reagent  meeting 
ACS  specifications,  keep  the  bottle  tightly  stoppered  and 
store  in  a  desiccator  to  p^vent  t.he  entrance  of  at.mospharic 
moisture. 

6.3.7  Cadmium  solution,  stock,  1  ml  ■  100  ug  Cd:  Dissolve 
0.1142  g  CdO  in  a  minimum  amount  of  (1+1)  HNO^.  Heat  to 
increase  rata  of  dissolution.  Add  10.0  ml  cone.  HNO2  and. 
diluta  to  1,000  ml  with  deionized,  distilled  water. 

5.3.3  Calcium  solution,  stack.  1  ml  *100  ug  Ca:  Suspend  0.2498  g 


CaCO^  dried  at  180*^0  for  1  h  before  weighing  in  deion¬ 
ized,  distilled  watar  and  dissolve  cautiously  with  a  minimuni 
amount  of  (1+1)  HNO^.  Add  10.0  ml  cone.  HNO2  and  dilute 
to  1,000  ml  with  deionized,  distilled  watar. 

6.3.9  Chromium  solution,  stock,  1  ml  »  100  ug  Cr;  Dissolve 
0.1923  g  of  CrO^  in  deionized,  distilled  water.  When 
solution  is  comoleta,  acidify  with  10  ml  cone.  HNO-  and 
dilute  to  1,000  ml  with  deionized,  distilled  water. 

6.3.10  Cobalt  solution,  stack,  1  ml  »  100  ug  Co:  Dissolve  0.1000  g 
of  cobalt  metal  in  a  minimum  amount  of  (1+1)  HNO^.  Add 
10.0  ml  (1+1)  HCl  and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.11  Cooper  solution,  stack,  1  ml  «  100  ug  Cu:  Dissolve  0.1252  g 
CuO  in  a  minimum  amount  of  (1+1)  HNO^.  Add  10.0  ml  cone. 
HNO^  and  dilute  to  1,000  ml  with  deionized,  distilled 
water. 

6.3.12  Iron  solution,  stock,  1  ml  ■  100  ug  Fe:  Dissolve  0.1430  g 
Fe^O^  in  10  ml  deionized,  distilled  watar  with  1  ml 

(1+1)  HCl.  Add  10.0  ml  cone.  HNO^  and  dilute  to  1,000  ml 
with  deionized,  distilled  water. 

6.3.13  Lead  solution,  stock,  1  ml  ■  100  ug  ?b:  Dissolve  0.1599  g 
Pb(il02)2  In  a  minimum  amount  of  (1+1)  HNO^.  Add  10.0 

ml  cone.  HNO^  and  dilute  to  1,000  ml  with  deionized,  dis¬ 
tilled  watar. 

6.3.14  Magnesium  solution,  stock,  1  ml  ■  100  ug  Mg:  Dissolve 
0.1653  g  MgC  in  a  minimum  amount  of  (1-^1)  HNO^.  Add  10.0 
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ml  cone.  HNO^  and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.15  Manganese  solution,  stock,  1  ml  •  100  ug  Mn:  Dissolve 
0.1000  g  of  manganese  metal  in  the  acid  mixture  10  ml  cone. 
HCl  and  1  ml  cone.  HNO^,  and  dilute  to  1,000  ml  with 
deionized,  distilled  water. 

6.3.16  Molyfadenum  solution,  stock,  1  ml  »  100  ug  Mo:  Dissolve 
0.2043  V-  (iNH^)2MaO^  in  deionized,  distilled  water  and 
dilute  to  1,000  ml. 

6.3.17  Nickel  solution,  stock,  1  ml  »  100  ug  Ni:  Dissolve  0.1000  g 
of  nickel  metal  in  10  ml  hot  cone.  HNO^,  cool  and  dilute 

to  1,000  ml  with  deionized,  distilled  water. 

3.3.13  Potassium  solution,  stock,  1  ml  ■  100  ug  Dissolve  0.1S07 
g  KCl,  dried  at  110°C,  in  deionized,  distilled  water 
dilute  to  1,000  ml. 

6.3. T9  Seleniijm  solution,  stock,  1  ml  »  100  ug  Se:  Do  not  dry. 
Dissolve  0.1727  g  H^^eO^  (actual  assay  94. 3S)  in  deion¬ 
ized,  distilled  water  and  dilute  to  1,000  ml. 

6.3.20  Silica  solution,  stock.  1  ml  »  100  ug  SiO^:  Do  not  dry. 
Dissolve  0.a720  g  Na^SiO^  .9H2O  in  deionized,  dis¬ 
tilled  water.  Add  10.0  ml  cone.  HNO^  and  dilute  to  1,000 
ml  with  deionized,  distilled  we  \ 

6.3.21  Silver  solution,  stock,  1  ml  •  <00  ug  Ag:  Dissolve  0.1575  g 
AgNO^  in  100  ml  of  deionized,  distilled  water  and  10  ml 
cone.  HNO^.  Dilute  to  1,000  ml  with  deionized,  distilled 
water. 
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6.3.22  Sodium  solution,  stock,  1  ml  ■  100  ug  Na:  Dissolve  0.2542  g 


NaCl  in  deionized,  distilled  water.  Add  10.0  ml  cone. 

HNO^  and  dilute  to  1,000  ml  with  deionized,  distilled 
water. 

5.3.23  TTiallium  solution,  stock,  1  ml  »  100  ug  Tl:  Dissolve’ 
0.1303  g  TINO^  in  deionized,  distilled  water.  Add  10.0  ml 
cone.  HNQ^  and  dilute  to  1,000  ml  with  deionized,  dis¬ 
tilled  water. 

6.3.24  Vanadium  solution,  stack,  1  ml  ■  100  ug  V:  Dissolve  0.22S7 
NH^VO^  in  a  minimum  amount  of  cone.  HNO^.  Heat  to 
increase  rate  of  dissolution.  Add  10.0  ml  cone.  HNC^  and 
dilute  to  1,000  ml  with  deionized,  distilled  water. 

6.3.25  Zinc  solution,  stock,  1  ml  ■  100  ug  Zn:  Dissolve  0.1245  g 
ZnO  in  a  minimum  amount  of  dilute  HNO^.  Add  10.0  ml  cone. 
HNO^  and  dilute  to  1,000  ml  with  deionized,  distilled 
water. 

6.4  Mixed  calibration  standard  solutions— Prepare  mixed  calibration 
standard  solutions  by  combining  appropriate  volumes  of  the  stock 
solutions  in  volumetric  flasks.  (See  5.4.1  thru  5.4.5)  Add  2  ml 
of  (1+1)  HNO^  and  10  ml  of  (1+1)  HCl  and  dilute  to  100  ml  with 
deionized,  distilled  water.  (See  Notes  1  and  5.)  Prior  to  pre¬ 
paring  the  mixed  standards,  each  stock  solution  should  be  analyzed 
separately  to  determine  possible  spectral  i nterf ere.nce  or  the 
presence  of  Impurities.  Care  should  be  taken  when  preparing  the 
mixed  standards  that  the  elements  are  compatible  and  stable. 
Transfer  the  mixed  standard  solutions  to  a  FE,®  fluorocarbon  or 


17 


unused  polyethylene  Pottle  for  storage.  Fresh  mixed  standards 
should  be  prepared  as  needed  with  the  realization  that  concentra¬ 
tion  can  change  on  aging.  Calibration  standards  must  be  initially 
verified  using  a  quality  control  sample  and  monitored  weekly  for 
stability  (See  6.6.3),  Although  not  specifically  required,  some 
typical  calibration  standard  combinations  follow  when  using  those 
specific  wavelengths  listed  in  Table  1. 

6.4.1  Mixed  standard  solution  I— t'ianoanese.  beryllium,  cadmium, 
lead,  and  zinc. 

6.4.2  Mixed  standard  solution  II — Barium,  copper,  iron,  vanadium, 
and  cobalt. 

5.4.3  Mixed  standard  solution  I 11— Molybdenum,  silica,  arsenic, 
and  selenium, 

5.4.4  Mixed  standard  solution  IV— Calcium,  sodium,  postassium, 
aluminum,  chromium  and  nickel. 

6.4.5  Mixed  standard  solution  V— Antimony,  boron,  magnesium, 
silver,  and  thallium. 

NOTH  1:  If  the  addition  of  silver  to  the  recammended 
acid  combination  results  in  an  initial  precipitation,  add 
IS  ml  of  deionized  distilled  water  and  warn  the  flask 
until  the  solution  clears.  Cool  and  dilute  to  100  ml 
with  deionized,  distilled  water.  For  this  acid  combina¬ 
tion  ihe  silver  concentration  should  be  limited  to  2 
mg/i.  Silver  under  these  conditions  is  stable  in  a  tap 
water  matrix  for  30  days.  Higher  concentrations  of 
silver  require  additional  HCl. 
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0.5  Two  types  of  blanks  are  required  for  the  analysis.  The  calibration 
blank  (3.13)  is  used  in  establishing  the  analytical  cur/e  while  the 
reagent  blank  (3.12)  is  used  to  correct  for  possible  contamination 
resulting  from  varying  amounts  of  the  acids  used  in  the  sample 
processing. 

6.5.1  The  calibration  blank  is  prepared  by  diluting  2  ml  of  (1+1) 
HNO^  and  10  ml  of  (1*1)  HCl  to  ICO  ml  with  deionized, 
distilled  water.  (See  Note  5.)  Prepare  a  sufficient 
quantity  to  be  used  to  flush  the  systen  between  standards 
aad  samples. 

6.5.2  The  reagent  blank  must  contain  all  the  reagents  and  in  the 
same  volumes  as  used  in  the  processing  of  the  samples.  The 
reagent  blank  must  be  carried  through  the  complete  procedure 
and  contain  the  same  acid  concentration  in  the  final  solu¬ 
tion  as  the  sample  solution  used  for  analysis. 

6.6  In  addition  to  the  calibration  standards,  an  instr'jment  check 
standard  (3.7),  an  interference  check  sample  (3.3)  and  a  quality 
control  sample  (3,9)  are  also  required  for  the  analyses. 

6.6.1  lT,a  instrument  check  standard  is  prepared  by  the  analyst  by 
combining  compatible  elements  at  a  concentration  equivalent 
to  the  midpoint  of  their  respective  calibration  curves. 

(Sea  11.1.1.) 

6.6.2  The  interference  check  sample  is  prepared  by  the  analyst  in 
the  following  manner.  Select  a  representative  sample  which 
contains  minimal  concentrations  of  the  analytes  of  interest 
but  known  concentration  of  interfering  elenents  that  will 


19 


provida  an  adequata  test  of  the  correction  factors.  Spike 
the  sample  with  the  elements  of  interest  at  the  approximate 
concentration  of  either  100  ug/1  or  5  times  the  estimated 
detection  limits  given  in  Table  1.  (For  affluent  samples  of 
expected  high  concentrations,  spike  at  an  appropriate  level.) 
If  the  type  of  samples  analyzed  are  varied,  a  synthetically 
prepared  sample  may  be  used  if  the  above  criteria  and  intent 
are  met.  A  limited  supply  of  a  synthetic  intarfarance  check 
sample  will  be  available  from  the  Quality  Assurance  Branch 
of  SMSL-Cincinnati.  (See  11.1.2). 

6.6.3  The  quality  control  sample  should  be  prepared  in  the  same 
acid  matrix  as  the  calibration  standards  at  a  concentration 
near  1  mg/1  and  in  accordance  with  the  instructions  provided 
by  the  supplier.  Tne  Quality  Assurance  Branch  of  IMSL- 
Cincinnati  will  either  supply  a  quality  control  sample  or 
information  where  one  of  equal  quality  can  be  procured. 

(See  11.1.3.) 

7.  Sample  handling  and  preservation 

7.1  For  the  determination  of  trace  elements,  contaminetion  and  loss  are 
of  prime  concern.  Oust  in  the  laboratory  environment,  impurities 
in  reagents  and  impurities  on  laboratory  apparatus  which  the  sample 
contacts  are  all  sources  of  potential  contamination.  Sample 
■  containers  can  introduce  either  positive  or  negative  errors  in  the 
measuremen-:  of  trace  elements  by  (a)  contributing  contaminants 
through  leaching  or  surface  desorption  and  (b)  by  depleting  concen- 
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trations  through  adsorption.  Thus  the  collection  and  traatnent  of 
the  sample  prior  to  analysis  requires  particular  attention. 
Laboratory  glass'/<ara  including  the  sample  bottle  (whether  poly¬ 
ethylene,  polyprcplyene  or  FEP-fluorocarbon)  should  be  thoroughly 
washed  with  detergent  and  tap  water;  rinsed  with  (1+1)  nitric  acid, 
tap  water,  (1+1)  hydrochloric  acid,  tap  and  finally  deionized, 
distilled  water  in  that  order  (See  Notes  2  and  3). 

NOTE  2:  Chromic  acid  may  be  useful  to  remove  organic  deposits  from 
glassware;  however,  the  analyst  should  be  cautioned  that  the  glass¬ 
ware  must  be  thoroughly  rinsed  with  water  to  remove  the  last  traces 
of  chromium.  This  is  especially  important  if  chromium  is  to  be 
included  in  the  analytical  scheme.  A  commercial  product,  HOCHROMIX 
available  from  Godax  Laboratories,  S  Varick  St.,  New  York,  NY 
10013,  may  be  used  in  place  of  chromic  acid.  Chromic  acid  should 
not  be  used  with  plastic  bottles- 

NOTE  3;  If  It  can  be  documented  through  an  active  analytical 
quality  control  program  using  spiked  samoles  and  reagent  blanks, 
that  certain  steps  in  the  cleaning  procedure  are  not  required  for 
routine  samples,  those  steps  miy  be  eliminated  from  the  procedure. 

7.2  Before  collection  of  the  sample  a  decision  must  be  made  as  to  the 
type  of  data  desired,  that  is  dissolved,  suspended  or  total,  so 
that  the  appropriate  preservation  and  pretreatment  steps  may  be 
accomplished.  Filtration,  acid  preservation,  etc.,  are  to  ba 
perfonred  at  the  time  the  sample  is  collected  or  as  soon  as 
possible  thereafter. 


7.2.1  For  the  detamination  of  dissolved  alenents  the  sample  must 
be  filtared  through  a  0.45-ura  membrane  filtar  as  soon  as 
practical  after  collaction.  (Glass  or  plastic  filtering 
apparatus  are  recommended  to  avoid  possible  contamination.) 
Use  the  first  30-100  ml  to  rinse  the  filtar  flask.  Discard 
this  portion  and  collect  the  required  volume  of  filtrate. 
Acidify  the  filtrata  with  (1+1)  HNO2  to  a  pH  of  2  or  lass. 
Normally,  3  ml  of  (1+1)  acid  per  liter  should  be  sufficient 
to  preserve  the  sample. 

7.2.2  For  the  determination  of  suspended  elements  a  measured 
volume  of  unprsserved  « amp la  must  ha  filtared  through  a 
Q.45-um  membrane  filtar  as  soon  as  practical  aftar  collec¬ 
tion.  The  filter  plus  suspended  material  should  be  trans¬ 
ferred  to  a  suitable  container  for  storage  and/or  shipment. 

No  preservative  is  required. 

7.2.3  For  the  determination  of  total  or  total  recoverable  elements, 
the  sample  is  acidified  with  (1+1)  HNO^  to  pH  2  or  less  as 
soon  as  possible,  preferably  at  the  time  of  collection.  The 
sample  is  not  filtared  before  processing. 

Sajnple  Preparation 

3,1  For  the  determinations  of  dissolved  elements,  the  filtered,  pre¬ 
served  sample  may  often  be  analyzed  as  received,  ihe  acid  matrix 
and  concentration  of  the  samples  and  calibration  standards  must  be 
the  same.  (See  Note  6.)  If  a  precipitate  formed  upon  acidifica¬ 
tion  of  t.he  sample  or  during  transit  or  storage,  it  must  oe  re¬ 
dissolved  before  the  analysis  by  adding  additional  acid  and/or  by 


heat  as  described  in  3.3. 

8.2  For  the  determination  of  suspended  elements,  transfer  the  membrane 
filter  containing  the  insoluble  material  to  a  150-ml  Griffin  beaker 
and  add  4  ml  cone.  HNO2.  Cover  the  beaker  with  a  watch  glass  and 
heat  gently.  The  warm  acid  will  soon  dissolve  the  membrane. 
Increase  the  temperature  of  the  hot  plate  and  digest  the  material. 
When  the  acid  has  nearly  evaporated,  cool  the  beaker  and  watch 
glass  and  add  another  3  ml  of  cone.  HN0-.  Cover  and  continue 
heating  until  the  digestion  is  complete,  generally  indicated  by  a 
light  colored  digestate.  Evaporate  to  near  dryness  (2  ml),  cool, 
add  10  ml  HCl  (1+1)  and  15  ml  deionized,  distilled  water  per  100  ml 
dilution  and  warm  the  beaker  gently  for  15  min.  to  dissolve  any 
precipitated  or  residue  material.  Allow  to  cool,  wash  down  the 
watch  glass  and  beaker  walls  with  deionized  distilled  water  and 
filter  the  sample  to  remove  insoluble  tnaterial  that  could  clog  the 
nebulizer.  (See  Note  4.)  Adjust  the  volume  based  on  the  expected 
concentrations  of  elements  present.  This  volume  will  vary  depend¬ 
ing  on  the  elements  to  be  determined  (See  Note  6).  The  sample  is 
now  ready  for  analysis.  Concentrations  so  determined  shall  be 
reported  as  “suspended." 

NOTE  4;  In  place  of  filtering,  the  sample  after  diluting  and  mix¬ 
ing  may  be  centrifuged  or  allowed  to  settle  by  gravity  overnight  to 
remove  insoluble  material. 

3.3  For  the  determination  of  total  elements,  choose  a  measured,  volume 
of'  the  well  mixed  acid  preserved  sample  appropriate  for  the 
expected  level  of  elements  and  transfer  to  a  Griffin  beaker.  (See 
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Nota  5.)  Add  3  ml  of  cone.  HNO^.  Place  the  beaker  on  a  hot 
plate  and  evaporate  to  near  dryness  cautiously,  making  certain  that 
the  sample  does  not  boil  and  that  no  area  of  the  bottom  of  the 
beaker  is  allowed  to  go  dry.  Cool  the  beaker  and  add  another  5  ml 
portion  of  cone.  HNO^.  Cover  the  beaker  with  a  watch  glass  and 
return  to  the  hot  plate.  Increase  the  temperature  of  the  hot  plate 
so  that  a  gentle  reflux  action  occurs.  Continue  heating,  adding 
additional  acid  as  necessary,  until  the  digestion  is  complete 
(generally  indicated  when  the  digestate  is  light  in  color  or  does 
not  change  in  appearance  with  continued  refluxing.)  Again,  evapo¬ 
rate  to  near  dryness  and  cool  the  beaker.  Add  10  ml  of  1+1  HCl  and 
15  ml  of  deionized,  distilled  water  per  100  ml  of  final  solution 
and  warm  the  beaker  gently  for  15  min.  to  dissolve  any  precipitate 
or  residue  resulting  from  evaporation.  Allow  to  cool,  wash  down 
the  beaker  walls  and  watch  glass  with  deionized  distilled  water  and 
filter  the  sample  to  remove  insoluble  material  that  could  clog  the 
nebulizer.  (See  Note  4.)  Adjust  the  sample  to  a  predetermined 
volume  based  on  the  expected  concentrations  of  elements  present. 

The  sample  is  now  ready  for  analysis  (See  Note  5).  Concentrations 
so  determined  shall  be  reported  as  "total." 

NOTE  5:  If  low  determinations  of  boron  are  critical,  quartz  glass¬ 
ware  should  be  used. 

NOTE  6:  If  the  sample  analysis  solution  has  a  different  acid  con¬ 
centration  from  that  given  in  3.4,  but  does  not  introduce  a 
physical  interference  or  affect  the  analytical  result,  the  same 
calibration  standards  may  be  used. 


8.4  For  the  determination  of  total  recoverable  elements,  choose  a 

measured  volume  of  a  well  mixed,  acid  preserved  sample  appropriate 
>  for  the  expected  level  of  elements  and  transfer  to  a  Griffin 
beaker.  {See  Note  5.)  Add  2  ml  of  (1+1)  HNO^  and  10  ml  of  (1+1) 
HCl  to  the  sample  and  heat  on  a  steam  bath  or  hot  plate  until  the 
volume  has  been  reduced  to  near  25  ml  making  certain  the  sample 
does  not  t-iii.  After  this  treatment,  cool  the  sample  and  filter  to 
remove  insoluble  material  that  could  clog  the  nebulizer.  (See 
Note  4.)  Adjust  the  volume  to  100  ml  and  mix.  The  sample  is  now 
ready  for  analysis.  Concentrations  so  determined  shall  be  reported 
as  "total." 

9.  Procedure 

9.1  Set  up  instrument  with  proper  operating  parameters  established  in 
Section  5.2.  Tne  instrument  must  be  allowed  to  become  thermally 
stable  before  beginning.  This  usually  requires  at  least  30  min.  of 
operation  prior  to  calibration. 

9.2  Initiate  appropriate  operating  configuration  of  computer. 

9.3  Profile  and  calibrate  instrument  according  to  instrument  manufac- 
turer‘s  recommended  procedures,  using  the  typical  mixed  calibration 
standard  solutions  described  in  Section  5.4.  Flush  the  system  with 
the  calibration  blank  (5.5.1)  between  each  standard.  (See  Mote 

7.)  (The  use  of  the  average  intensity  of  multiple  exposures  for 
both  standardization  and  sample  analysis  has  been  found  to  reduce 
random  error.) 

NOTH  7:  For  boron  concentrations  greater  than  500  ug/1  extended 
flush  times  of  1  to  2  minutes  may  be  required. 
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9 A  3afore  beginning  the  sample  run,  reanalyze  the  highest  mixed  cali¬ 
bration  standard  as  if  it  were  a  sample.  Concentration  values 


obtained  should  not  deviate  from  the  actual  values  by  more  than  ±  5 
percent  (or  the  established  control  limits  whichever  Is  lower).  If 
they  do,  follow  the  recommendations  of  the  instrument  manufacturer 
to  correct  for  this  condition. 

9.5  Begin  the  sample  run  flushing  the  system  with  the  calibration  blank 
solution  (6.5.1)  between  each  sample.  (See  Note  7.)  Analyze  the 
instrument  check  standard  (6.6.1)  and  the  calibration  blank  (6.5.1) 
each  10  samples. 

9.6  If  it  has  been  found  that  methods  of  standard  addition  are  reguired, 
the  following  procedure  is  recommended. 

9.6.1  The  standard  addition  technique  (13.2)  involves  preparing 
new  standards  in  the  sample  matrix  by  adding  known  amounts 
of  standard  to  one  or  more  aliquots  of  the  processed  sample 
solution.  This  technique  compensates  fer'^a ’sinple  constitu¬ 
ent  that  enhances  or  depresses. the  analyte  signal  thus 
producing  a  different  slope  from  that  of  the  calibration 
standards.  It  will  not  correct  for  additive  interference 
which  causes  a  baseline  shift/"'  The  simplest  version  of  this 
technique  is  the  single-addition  method.  The  procedure  is 
as  follows.  Two  identical  aliquots  of  the  sample  solution, 
each  of  volume  V^,  are  taken.  To  the  first  (labeled  A)  is 
added  a  small  volume  of  a  standard  analyte  solution  of 
concentration  c^.  To  the  second  (labeled  3)  is  added  the 

same  volume  of  the  solvent.  The  analvtical  sianals  of 
s 
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A  and  S  are  measured  and  corrected  for  nonanalyte  signals 
signals.  The  unknown  sample  concentration  c^  Is  calcu¬ 
lated: 


r?r-  sj 


where  and  Sg  are  the  analytical  signals  (corrected 
for  the  blank)  of  solutions  A  and  3,  respectively.  and 
Cg  should  be  chosen  so  that  is  roughly  twice  Sg  on 

the  average.  It  is  best  i^  is  made  much  less  than 

V  ,  and  thus  c  is  much  greater  than  c^,  to  avoid 

^5  X 

excess  dilution  of  the  sample  matrix.  If  a  separation  or 
concentration  step  is  used,  the  additions  are  best  made 
first  and  carried  through  the  entire  procedure. 

For  the  results  from  this  technique  to  be  valid,  the  follow¬ 
ing  limitations  must  be  taken  into  consideration; 

1.  The  analytical  cur/e  must  be  linear. 

2.  The  chemical  form  of  the  analyte  added  must  respond  the 
same  as  the  analyte  in  the  sample. 

3.  The  interference  effect  must  be  constant  over  the  working 
range  of  concern. 

4.  The  signal  must  be  corrected  for  any  additive  interfer¬ 
ence. 

10.  Calculation 

10.1  Reagent  blanks  (6.5.2)  should  be  subtracted  from  all  samples.  This 
is  particularly  important  for  digested  samples  requiring  large 
quantities  of  acids  to  complete  the  digestion. 
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10.2  If  diluclcfis  were  parfanned,  the  toprcprlata  factor  rnust  be  applied 
to  sample  values. 

10.3  Data  should  be  rounded  to  the  thousandth  place  and  all  results 
should  be  reported  In  mg/l  up  to  three  significant  figures. 

11.  Quality  Control  (Instrumental) 


11.1  Check  the  instrument  standardization  by  analyzing  appropriate 
quality  control  check  standards  as  follow: 

11.1.1  Analyze  an  appropriate  instrument  check  standard  (6.6.1) 

containing  the  elements  of.  Interest  at  a  frequency  of  lOS. 
This  check  standard  is  used  to  determine  instrument  drift. 
If  agreement  Is  not  within  +  5S  of  the  expected  values  or 
within  the  established  control  limits*  whichever  is  lower, 
the  analysis  is  out  of  control.  The  analysis  should  be 
terminated,  the  problem  corrected,  and  the  instrument 
recalibrated.  ^  " 

Analyze  the  calibration  blank  (6.5.1)  at  a  frequency  of 
lOS.  The  result  should  be  within  the  established  control 
limits  of  2  standard  deviations  of  the  mean  value.  If  not, 
repeat  the  analysis  two  more  times  and  average  the  three 
results.  If  the  average  is  not  within  the  control  limit, 
terminate  the  analysis,  correct  the  problem  and  recalibrate 
the  instrument. 

11.1.2  To  verify  interelement  and  background  correction  factors 
analyze  the  interference  check  sample  (6.6.2)  at  the  begin¬ 
ning,  end,  and  at  periodic  intervals  throughout  the  sample 
run.  Results  should  fall  within  the  established  control 
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Hoits  of  T.5  times  the  standard  deviation  of  the  mean 
value.  If  not,  terminate  the  analysis,  correct  the  problem 
and  recalibrate  the  instrument. 

11.1.3  A  quality  control  sample  (6.S.3)  obtained  from  an  outside 
soures  must  first  be  used  for  the  initial  verification  of 
the  calibration  standards.  A  fresh  dilution  of  this  sample 
shall  be  analyzed  every  week  thereafter  to  monitor  their 
stability.  If  the  results  are  not  within  *  52  of  the  true 
value  listed  for  the  control  sample,  prepare  a  new  calibra¬ 
tion  standard  and  recalibrate  the  instrument.  If  this  does 
not  correct  the  problem,  prepare  a  new  stock  standard  and  a 
new  calibration  standard  and  repeat  the  calibration. 

12.  Precision  and  Accuracy 

« 

12.1  In  an  SPA  round  robin  phase  1  study,  seven  laboratories  applied  the 
IC?  technique  to  acid-distilled  water  matrices  that  had  been  dosed 
with  various  metal  concentrates.  Table  4  lists  the  true  value,  the 
mean  reported  value  and  the  mean  %  relative  standard  deviation. 
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Table  4.  ICP  Precision  and  Accuracy  Data 
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Tabia  ?1 

?asul£3  fro^i  ^vJL?  Cjrniucrad  on  Samples  from  Soring  .To.  01 


Sampia  Identification 


Analvte 

Core 

Subsamolas 

Overburden 

O.O-l.O  ft 

1. 0-2.0 

ft  2. 0-3.0  ft 

3. 0-4.0  ft 

pH 

6.5* 

3.2 

3.2 

3.7 

7.2 

Aldrln 

0.30 

0.61 

0.71 

0.40 

5.07 

Dieldrin 

0.22 

0.013 

2.41 

0.54 

19.5 

Eadria 

0.40 

0.20 

2.22 

0.91 

24.4 

laodrir. 

0.1 1 

0.C03 

0.005 

0.11 

0.41 

DDIP 

70 

90 

110 

110 

30 

DMMP 

- 

- 

- 

- 

Olthiana 

- 

- 

- 

- 

- 

Suifona 

- 

- 

- 

- 

710 

Suifoxida 

- 

- 

- 

- 

- 

DBCP 

- 

•m 

- 

- 

0.010 

Mercuiy 

- 

0.12 

0.12 

0.22 

Araanic 

95 

110 

110 

90 

110 

Fluoride  (ppn) 

7.0 

9.5 

12.3 

15.2 

3.3 

=*  All  values  othar  :'ian  pH  ara  raporcad  «  ppb  uitiass  ocuarvisa  aocad. 
**  Lass  than  detection  Unit. 


Table  ~2 


AnaivtlcaL  Resuita  frort  .T'.CL?  Gonduccad  on  Samniea  fro!n  Borins  >To.  02 


Analvte 

Sannle 

Identification 

Cor 

2  Subsasinles 

O.O-l.O  ft 

1. 0-2.0 

ft  2.0-3. 0  ft 

3. 0-4.0  ft 

pH 

9.1=* 

'^.1 

9. 1 

9.1 

Aid r in 

49.7 

8.10 

1.42 

0.30 

IHeidrin 

59.1 

19.5 

4.19 

0.12 

"ndrln 

7b. 3 

17.0 

4.04 

0.40 

Iso.-irin 

A  r 

«  w  •  • 

0. 02 

Q.IL 

0.005 

DI>!P 

20 

30 

30 

10.3 

D^^MP 

- 

- 

- 

Oithiana 

40 

- 

- 

- 

Sulfone 

1600 

630 

550 

760 

Sulfoxide 

1070 

440 

440 

760 

DBCP 

0.60 

0.09 

0.09 

0.17 

Mercury 

0.58 

’  .0 

1.24 

0.52 

Arsenic 

170 

230 

160 

120 

Fluoride  (pnn) 

6.1 

4.3 

7.3 

4.3 

*  All  values  other  than  pH  are  reported  as  ppb  unless  otherwise  noted. 
*1*  Less  than  detection  llrit. 


Analytical 

Results  from 

Sv^L?  Conducted 

on  Samples 

from  Borins 

No.  11 

Sample 

Identifies 

tion 

Core  Subsamples 

Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

3.0-4. 0  ft 

Overburden 

pH 

5.3* 

4.6 

6.5 

6.4 

3.6 

Aldrin 

0.51 

-** 

u , 

“• 

3.51 

Dieldrin 

•  0.12 

0-013 

0.  12 

- 

23.6 

Hndrin 

0,04 

- 

0.71 

- 

39.4 

loodrin 

0.005 

0.005 

0.C05 

- 

o.r. 

Dr>tP 

30 

20 

20 

7 

20 

DMMP 

- 

- 

- 

- 

0-07 

Hithiane 

- 

- 

- 

- 

- 

Suifone 

- 

- 

- 

- 

1710 

Sulfoxide 

- 

- 

- 

- 

- 

DSC? 

- 

- 

0.022 

- 

0.07 

Mercury 

0.12 

0.12 

0.20 

0.16 

1.20 

Arsenic 

- 

90 

- 

20 

280 

Fluoride  Cppn) 

0.75 

0.95 

0.71 

1.2 

14.3 

*  All  vnLues  other  than  pH  are  reported  as  ppb  aniess  otherwise  noted. 
**  Less  than  detection  linit. 


Table  F4 


Analytical  Results  from  St»rLP  Conducted  on  Samnles  from  T^orinc  T?o.  12 


Samole  Identification 

Core 

SubsamoLes 

Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

3.0-4. 0  ft 

pH 

5.8* 

5.4 

5.5 

6,0 

Aid r in 

- 

- 

- 

Dieldrin 

- 

0.12 

- 

- 

End',  in 

- 

0.61 

- 

- 

Isodrin 

- 

- 

- 

- 

DIIIP 

30 

10 

10 

6 

DMIIP 

- 

- 

- 

- 

Dithiana 

- 

- 

- 

- 

Sulfone 

120 

- 

- 

- 

Sul f oxide 

- 

- 

- 

- 

D3CP 

- 

0.013 

- 

- 

Mar  cur:-* 

- 

0.14 

0.24 

- 

Arsenic 

14 

12 

20 

50 

Fluoride  (ppm) 

0.48 

0.54 

0.95 

1.95 

;*  All  '/aiuas  otl’.er  than  acj  reported  as  ??b  unless  ochervise  noted. 

**  Less  than  detection  Unit. 
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F5 

Analytical  Results  from  SWLP  Conducted  on  Sanrples  from  Boring  No.  13 


Analyte 

Aid tin 
Dieldrin 
End r in 
Is  O' Ir  in 
DIM? 

D!1MP 

Dithiane 

Suifone 

Sulfo:tida 

DBCP 

Mercury 

Arsenic 

Fluoride  (ppn) 


Sample  Identification 


Core  Sub same les 


0,0-1. 0  ft 
3.4* 


1. 0-2.0  fi 

8.2 


40 

0.04 


40 

0.04 


0.14 

64 

1.7 


0.14 

51 

l.l 


*  All  values  other  than  pH  ace  reported  as  ppb  unless  otherwise  noted. 
**  Less  than  detection  limit. 
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Table  F6 

Ai-talytlcal  ?.esuiC3  front  StvLP  Conducted  on  Sannles  trotn  Boring  No.  14 


Samoie  Identification 


Core  Subsamoies 


Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

Overburden 

pH 

5.6* 

5.8 

5.6 

8.1 

•'..dtin 

- 

0.02 

1.39 

Dielorin 

- 

0.10 

0.21 

3.24 

End r in 

“ 

- 

0.07 

'--S 

Isodrin 

' 

- 

- 

3.1 

DIMP 

20 

20 

20 

120 

DI-CIP 

- 

- 

- 

0.39 

Dithiana 

- 

- 

- 

- 

Sulfone 

40 

- 

- 

9160 

Sulfoxide 

- 

- 

- 

1140 

DBCP 

- 

- 

- 

1.01 

Mercury 

0.12 

- 

0.12 

2.14 

Arsenic 

38 

71 

226 

Fluoride  (ppti) 

l.a  ' 

2.1 

2.0 

15.2 

*  All  values  other  than  pH  are  reported  as  ppb  unless  otherwise  noted. 
**  Less  than  detection  Unit. 
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Tab la  ?7 

Analytical  Results  from  SVLP  Conducteti  on  Samples  froTn  Borlni;  No.  15 


Sample  Identification 

Core  Subsamolas 

Analyte 

0. 0-1.0  ft 

1.0-2. 0  ft 

2. 0-3.0  ft 

pH 

5.3* 

5.6 

5.7 

Aldrin 

- 

- 

Dleldrin 

O.IO 

0.10 

- 

Endrin 

0.08 

0.07 

- 

Isodrin 

- 

- 

- 

DIMP 

40 

30 

36 

- 

- 

- 

Dlthiane 

- 

- 

- 

Suifone 

90 

- 

- 

Sulfoxide 

- 

- 

- 

DBCP 

- 

- 

- 

Mercury 

- 

0.12 

- 

Arsenic 

160 

170 

20 

Fluoride  (ppm) 

0.42 

0.40 

*  Ml  vilces  other  than  arj 
,  **  Less  than  detection  llrnic. 
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Table  F8 

Analytical  Results  froci  S^rLP  Cotiducted  on  Samples  £rom  Boring  No.  21 


Saranle  Identification 

Cora  Subsaaolas 

Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

pH 

6.9* 

4.3 

4.9 

Aid r in 

n.oi 

- 

Dieldrin 

- 

- 

- 

ondrln 

- 

- 

- 

Isodria 

- 

- 

- 

DIMP 

60 

40 

20 

DJWP 

- 

- 

- 

Dithiane 

- 

- 

- 

Sulfone 

- 

- 

- 

Sulfoxide 

- 

- 

- 

DBCP 

- 

- 

Mercury 

0.53 

- 

- 

Arsenic 

- 

14 

11 

Fluoride  (ppc) 

0.90 

1.52 

■  1.4 

*  All  values  other  than  pH  arc 
**  Less  than  detection  Unit. 


rtaa  ar-  t'o 


nctec. 


Tabu  F9 

Analytical  Resales  front  S^-X?  Conducte-1  on  SanoLes  from  Boring  No.  22 


Sample  Identification 


Core  Sub samples 


Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

pH 

4.9* 

4.S 

4.4 

Aldrin 

0.03 

-** 

- 

Dieldrin  ' 

0.01 

- 

- 

Endrin 

- 

- 

- 

.l30c1 

o.os 

- 

- 

DIMP 

120 

140 

150 

DtlMP 

- 

- 

- 

Dithlana 

- 

- 

- 

Suifone 

- 

- 

Sulfoxide 

- 

- 

- 

DBCP 

- 

- 

- 

Mercury 

- 

- 

- 

Arsenic 

- 

- 

14 

Fluoride  (ppm) 

1.4 

O.A55 

0.24 

*  <^11  values  other  than  pH  are  reported  as  ppb  unless  othervise  noted. 

Le.'s  than  detection  li.nt*. 
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Table  FIO 

Anai"ticai  Results  fron  SVL?  Conductati  on  Samples  from  Boring  No.  23 


Analvte 


Aldrln 

Dleldrln 

Sndrin 


0.0«1.0  ft 
4.8* 


Sample  Identification 
Core  Subsamoles 
1. 0-2.0  ft 


2.0-3. 0  ft 


0.01 


Isodrln 


DDIP 

DUMP 

Dlthiana 

Sulfone 

Sulfoxidi 


Mercury 
Arsenic 
Fluoride  (ppm) 


0.20 


0.64 


0.59 


*  All  values  other  than  pH  are  reported  as  ppb  unless  otherwise  noted 
**  Less  than  dataction  limit. 


Analytical  Results  from  SWLP  Conductsd  on  Samples  from  Boring  No.  31 


Samnle  Identi 

flcation 

Core  Subsamoles 

Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

Overbtirden 

pH 

5.7* 

5.5 

5.5 

8.5 

Aldria 

-A* 

0.30 

- 

28.4 

Dieldrin 

- 

1.25 

- 

20.2 

Endrin 

- 

2.22 

- 

17.7 

Iso  Irin 

O.IO 

0.005 

o.in 

8.1<5 

DDIP 

20 

20 

10 

310 

DMMP 

- 

- 

- 

60 

nithiana 

- 

- 

- 

- 

Suifone 

- 

- 

- 

3200 

Sulfoxlda 

- 

- 

- 

- 

DBCP 

- 

0.03 

- 

0.46 

Mercury 

0.16 

0.22 

- 

0.36 

Arsenic 

11 

25 

360 

Fluoride  (ppm) 

0.66 

l.O 

3.9 

7.8 

*  All  values  other  than  pH  are  reported  as  ppb  unless  otherwise  noted 
**  Lass  chan  -is  tact  Lon  Unit. 


/ 


) 


\ 


Table  ?I2 

A;-..';lvtlcai  ^esuica  from  S* **,/L?  Conducted  on  Samples  from  oorln<y  ”o.  32 


Analyte 

?P. 

Aidrin 
Dieidrln 
End r in 
•joa  ran 
DLdP 
DM>tP 


Otthlana 

Suifona 

Suifoxlda 

DBCP 


Mercury 

Arsenia 


Pluorida  (ppm) 


O.O-l.O  ft 
5.5* 
0.20 
0.10 
0.10 


170 


SamnLe  Identification 
Core  SuhaamoLes 
1. 0-2.0  ft 
5.3 


0.10 

150 


2. 0-3.0  ft 
5. a 
0.10 
0.10 
0.10 
0.10 
150 


100 


0.16 

14 

0.57 


0.006 
0.36  • 

12  14  . 

0.63  0.41 


*  All  vnluee  other  chan  pH  ac»  racortad  as  opb  unless  othar.-ise  noted. 

**  Lass  than  detect  Lon  limit. 


Ft  6 
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AiriJlvtlc.?. I  Results  frori  ?‘rL?  Condiict j-.i  or.  S-i^ioies  from  Coring  ^?o.  33 


S^r.ple  Identification 


Core  Subsaraoles 


Analyte 

O.O-l.O  ft 

1. 0-2.0  ft 

pH 

5.5* ** 

5.4 

Aid r in 

0.20  • 

Dieidrln 

0.10 

- 

Zadrin 

0.20 

- 

Isodrin 

0. 10 

- 

DIM? 

20 

10 

DMMP 

- 

- 

Dithiana 

- 

- 

Suifone 

“ 

- 

Sulfoxide 

- 

- 

DSC? 

0.008 

- 

Mercury 

0.16 

Arsenic 

14 

28 

Fluoride  (ppm) 

0.67 

0.05 

*  All  values  other  than  pH  are  reported  as  ppb  unless  othQrr.’isa  noted. 

**  Less  than  detection  Unit. 


FIT 


?  1 

Analytical  Rasu'iLS  fro~i  S’.'TT^?  Conduccad  oh  Sannlas  from  3orine  Mo.  50 


Samola  Tdenti 

f ication 

Cora  ‘jubsamolas 

Anaivta 

O.O-l.O  ft 

1. 0-2.0  ft 

2. 0-3.0  ft 

3. 0-4.0  ft 

pH 

6.2* 

5.0 

5.2 

8.0 

Aldrin 

0.40 

0.30 

0.30 

_** 

Diaidrln 

0.43 

0,12 

0.12 

- 

cndrln 

0.71 

0.30 

0.50 

- 

Isodrin 

\J  .  1  1 

r»  t  • 

0.005 

- 

DIHP 

30 

40 

20 

17 

DMMP 

- 

- 

- 

- 

Dithiana 

- 

- 

- 

- 

Sul f one 

40 

- 

- 

- 

Suifo::ida 

- 

- 

- 

D3CP 

- 

- 

- 

- 

Mercury 

0.12 

0.12 

0.40 

0.33 

Arsenic 

- 

- 

- 

20 

Fluorida  (ppm) 

0.71 

0.41 

0.62 

0.75 

*  All  values  other  than  pH  are  reovirta'l  cs  ppb  unless  ocher'Jise  noted. 
**  Less  than  detection  ll.nit. 
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Analytical  Results  from  SWLP  Conductgd  on  Samnles  from  Borine  Mo.  60 


Analyta 

pH 

Aldrin 

Dtaidrin 

Bndria 

Isodri.n 

DIM? 

OMMP 

nithiana 

Suifona 

Sulfoxlda 

D3C? 

Marcur*/ 

»\.r3anic 


Sanoia  Tdentlflcation 
Cora  Subsamo las 


Q.O-l.O  ft 
5.2* 


I. 0-2.0  ft 
5.6 


o.in 

n.io 


o.io 

20  20 


0.01 

0.54  0.16 

11 

0.63  O.il 


*  Aii  valuas  othar  than  pH  are  reported  as  ppb  miiass  ochen^isa  noted. 
**  Lass  than  datactlon  li-it. 


no 


Table  ?16 

Agalvtlcii  Resuita  fron  Coaciucted  on  Samnles  froTn  Soring  Mo.  70 


Samola 

Identification 

Core  Subsamo 

Las 

Analyte 

O.O-l.O  ft 

1. 0-2.0  f 

t  2. 0-3.0  ft 

Overburden 

p’l 

i.  7* 

5.6 

5.5 

3.5 

Aid r in 

0.10 

- 

0.27 

Dieidrin 

0.10 

- 

0.10 

Endrin 

0.70 

- 

- 

0.61 

i»sod  r  in 

- 

0.10 

0.10 

- 

DIM? 

40 

20 

20 

40 

D^^^!P 

- 

- 

- 

- 

Oithiane 

- 

- 

- 

- 

Sulfona 

- 

- 

- 

340 

Sulfoxide 

- 

- 

- 

- 

DBCP 

- 

-  . 

- 

- 

Mercury 

0.22 

- 

0.42 

0.23 

Arsenic 

12 

11 

11 

31 

riuorida  (cpnl 

0.76 

0.40 

0.43 

6 , 4 

*  All  '’allies  other  than  oH  ire  rancrt-;-d  za  rnb  ar.l.'Si  acherwise  r.ocad. 
**  Less  than  detection  limit. 
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Table  ?17 

Bulk  Orvjanic  Ai'talyals  oC  the  0.0— l.O  ft  Core  Subsample  from  Boring  No«  01 


_ Tentative  Identification _ 

Diisopropylmethylphosphona te 
Toluene 

1.1. 2- Trichlo roe thane 
Tetrachloroethylene 
UnknowTi  (m/e  79  base) 

Xylene 

Xylene 

1. 1.2.2- Tetrachloroethane 
Pantachioroethane 
Acetophenone 

Unknovn  (m/e  79  base) 

Unknotm  (m/e  79  base) 

Unknown  (m/e  79  base) 

Unknown  (m/e  79  base) 

3g  (molecular  sulfur) 

Sg  (molecular  sulfur) 

Unknown  (a /a  275  base) 

4-tert-3utyl-2- ( tert-buty Ithio) pyridine 


0.2 

1 

0.1 

0.1 

4 

0.3 

0.1 

2 

2 

6 

1 

1 

16 


0.5 


Tabla  "I? 

Bulk  Metal  Analysis  oE  the  O.O-l.O  ft  Core  Sahsample  from  Boring  No._  Oj, 

.  .  Concentration  (H? 

Anaxvte -  - - - - 


Silver 

Aluninun 

1.18 

8750 

<1.8 

Arsenic 

Boron 

Barium 

7.15 

170 

Beryllium 

<0.08 

Calcium 

Cadmium 

Cobalt 

2130 

<0.1 

9.29 

Chromium 

13.1 

Copper 

Iron 

<100 

11300 

Mercury 

Potassium 

0.023 

2630 

Magnesium 

Manganese 

3050 

384 

?ioiybdenura 

Sodium 

4250 

tTickel 

U.3 

m 

Phosphorus 

579 

Lead 

27.1 

Antimony 

45.0 

Selenium 

>  <6.2 

Tin 

<50 

Titanium 

48.0 

Thallium 

24.4 

Yttrium 

16.2 

Zinc 

4Q.4 

Fluoride 

152 

•  Table  FI9 

Buis  "Organic  Analysis  of  the  Overburden  from  3orlng  No.  11 


Tentative  Tdentlflcatlon 
Dimethyme  thylphosphonate 
Diisopropylniethyiphosphonate 
p-chlo  ro  pheny ime  t  hy 1 su I f o  ne 
ChiorophetiyliTiethylsulfone  isomer 
Aidrin 
Isodrin 
Dieldrin 
End r in 
Benzene 
Cycio hexene 
Dimethyl  disulfide 
1,1, 2- tr ichioroe  thane 
Unknown  (possibly  N-methylacetamide) 

9S  unkno^fli 

Weak  unknown  (m/e  78  base) 

2"  or  3"  amine  unknown 
Unknown  (m/e  57  base) 

Alkane 

Alkane 

N-nitrosodipropylamine 
2®  or  3®  amine  unkno’vn 
'  T  -  c  o  n  t  a  i  n  i  n  •’  u  n  b.  .i  o '  m 
V  01  3  amine  unknown 
?dethylcyclopen  tu  it  ene 
Methylcyclopentadiene  roomer 
Unknown  (n/e  79  base) 

Hexachlorobutadiene 

Mono ch. lor ir.ated  unknown  158) 

Ailcane 

CContinued") 


Level  (U'g/g) 
40 

250 

12 

500 

80 

530 

450 

20 

130 

2 

6 

80 

80 

30 

20 

30 

5 

4 

2on 

25 

20 

30 

2 

T 

270 

70 

177 

3 


I 
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Table  Fl^  (Conciudeil) 


Tent-\tlva  Identtflcatlon 
Hexachlorohicycloheptadiene 
Ailcane 
Unknown 

Aidrin-type  pesticide  (?),  Weak! 

Chlorinated  unknown  332) 

Chlorinated  unknown 

Alkane 

Alkane 

Tetrachlorobenzene 
Chlorinated  unknown 
Unknown  (m/e  57  base) 

S-  (molecular  sulfur) 

O 

Unknown 

2“  or  3*  amine  unkno’vn 
2"  or  3*  amine  unknown 
2®  or  3®  amine  unknown 
Aldrin-type  chlorinated  pesticide 


Level  (.1X^1%) 
flOO 
8 
7 

7 

300 

10 

14 

8 

70 

250 

20 

300 

35 

13 

40 

180 


•  Table  F20 

Bulk  Analysis  oi:  the  O^rerhurden  from  3orln<^  No»  II 


Analvte 

Concentration  (u?./z) 

Silver 

0.561 

Aluninuin 

6830 

Arsenic 

<1.8 

Boron 

* 

6.48 

Barium 

94.6 

oeryliiun 

<0.08 

Calcium 

6110 

Cadmium 

0.55 

Cobalt 

5.66 

Chronium 

10.7 

Copper 

5220 

Iron 

7660 

Mercury 

0.057 

Potassium 

1310 

Magnesium 

2740 

Manganese 

• 

189 

Molybdenum 

5.55  ■ 

Sodium 

-  '^23700 

Miclcel 

13.8 

Phosphorus 

3100 

Lead 

35.6 

Anti cony 

29.0 

Selenium 

<6.2 

Tin 

<50 

Titanium 

63.6 

Thallium 

15.0 

Yttrium 

9.56 

Zinc 

69.7 

Fluoride 

494 

T'm 


Table  F21 

Organic  Analysis  o£ 


Tentative  Identification 

p-ChiorophenylmethylsuLfone 


Toluene 

I , I » 2-Trichloroethana 
Tatrachloroethylene 
MW  98  unknown 
Xylene 

Unknown  (a/e  79  base) 

I , I , 2, 2-Tetrachioroethane 
Pentachloroe thane 

‘W  98  or  L3A  unknown 
Uakno^m 

S,  (molecular  sulfur) 

6 


L.t 

0.2 

30 

0.2 

5 

4 

0.2 

7.9 

4« 

1 
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Table  ?22 

RnLk  Metal  Analvsis  oP 

the  O.O-l.O  ft  Core  Subsamnle  from  Borine  No.  12 

Analvte 

Concentration  fua/?) 

1.26 

Silver 

Aluminum 

7190 

<1.8 

Arsenic 

6.31 

Boron 

133 

Barium 

<0.08 

Beryllium 

Calcium 

18700 

Cadmium 

<0.1 

Cobalt 

6.34 

Chromium 

10.5 

<100 

Copper 

Iron 

10200 

Mercury 

0.010 

Potassium 

1840 

Magnesium 

3060 

!tanganasa 

257 

Molybdenum 

5.01 

Sodium 

-  "'811 

Mickel 

Phosphorus 

55S 

Lead 

19.7 

Ancir.ony 

f  ^ 

•  i.i 

Selenium 

<6.2 

Tin 

<50 

Titanium 

84.5 

Thallium 

22.9 

Yttrium 

11.8 

Zinc 

37.3 

Fluoride 

95.0 
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Tab la  F23 

Bulk  Organic  Analysis  o£  the  Overburden  from  Soring  No.  12 


Tentative  Identic Ication _ 

Dleldrln 

p-Clilorobenzene  methyl  sulfoxide 
p-Chiorobenzene  methyl  sulfone 
p-Chiorobenzene  methyl  sulfoxide  Isomer 
Aid r In 
Toluene 

1, i,2-Trichio roe thane 
MW  98  unknown 
Unknown 
Xylene 

N,N-dlmethyiactajnlde 

Unknown 

N-nltrosodlpropylamlne 
MW  127  unknoTm 
Unknot'm  2"  or  3*  amine 
Weak  unknown 
Unknown  (m/e  79  base) 

Unknown 

138  chic  rinat  2:1  unkno'7n 
Methyl  sulfonyl  benzene  (very  weak) 

Weak  unknown 
3g  (molecnl.ir  sulfur) 

Unknown  (275  base  pk) 

4-tert~Biityl-2  ( tert-butylthlo)  pyridine 
Unknown  221  W-containing  compound 
Weak  131  unknown 


Level  (gg/g) 

5.4 
3.6 

32 

1 

1.4 
14 

1 

3 

7 

0,3 

2 
5 

20 

4 

24 

1 

8 

-  -  20 

5 

0.3 

1 

30 

6 

3 

4 
4 
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Tal'-ia  "24 

Bulk  Metal  Anal’/sls  of  ?^var^»ir jert  frgn  Borin?  'To .  1 2 


Analyte  Concentration  (gg/g) 


Silver 

1.1-5 

Alutiinut: 

7280 

Arsenic 

<1.8 

B-ror. 

8.03 

Barium 

115 

Beryllium 

<0.08 

Calcium 

4440 

Cadmium 

<0.1 

Cobalt 

5.57 

Chromium 

9.76 

Copper 

612 

Iron 

9640 

Mercury 

0.091 

Potassium 

1790 

Magnesium 

2350 

Manganese 

205 

Melyhdanum 

4.97 

Sodium 

14100 

Jlickel 

10.4 

Phosphorus 

« 

1530 

Lead 

17.4 

Antimony 

18.0 

Selanium 

<6.2 

Tin 

<50 

Titanium 

84 . 4 

Thallium 

18.1 

Yttrium 

9.90 

Zinc 

41 . 5 

Fluoride 

217 
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Table  -25 

Organic  Ami-rsis  of  tba  0.0-’..'''  ft  Cora  '^aboar.oli  frcr!  ?orlnc  '"o.  14 


Ttint-att'^a  Identification 


Level  fuz/n) 


p-Chiorophenylnethyisufone 


lOiuena 

1,1, 3-Tr ichio  r oe  thane 

Tecrachloco'  thy  Lane 

?'0 s 0  ib  ly  ”-T.G  thy  1  a c a  t  nid.  a 

MW  98  unknown 

Xylene 

Xylene 

Weak  unknown 
Xylene 

1,1,2, 2-Tetrachioroethane 
Pentachioroe thane 
Acetophenone 
Un'ttnown  (n/e  79  base) 

Sg  (molecular  sulfur) 
(molecular  .sulfur) 


Table  F26 

Riilk  Metal  Analysts  of  the  Q.0~l.Q  ct  Core  Subsamnla  from  Boring  No.  14 


Analvte 
Silver 
Aluninum 
Arsenic 
Boron 
Barium 
Ber'^  Ilium 
Calcium 
Cadmium 
Cobalt 
Cbronium 
Copper 
Iron 
Mercury 
Potassium 
Magnesium 
Mangane-ae 
Molybdenum 
Sodium 
Nickel 
Phosphorus 
Lead 

Antimony 

Selenium 

Tin 

Titanium 
Tin ilium 
Yttrium 
Zinc 

Fluoride 


Concentration  (ug/g') 
1.53 
6840 
<1.8 
9.8: 

■120 

<0.08 

9120 

<0.1 

7.90 

11.8 

<100 

10900 

0.015 

2200 

4920 

294 

5.41 

896 

13.6 

606 

22.5 
100 

<6.2 

<50 

94.5 
23.3 

14.5 

47.5 
134 
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•able  F27 


"iiik  Organic  Annlvsls  oc  the  0.C-1..7  ft  Core  Su'c^saninle  from  Dorlne  ^fo.  31 


Tentative  Iden;lf Icatijn 
DMMP 

p-Cluoropheny  Line  thvlaulf  one 
Toluene 

1. 1.2- Trlchloroethane 
Unknown 

Mylene 

Unkno-.-n  fn/e  z3.^a) 

Xylene 

1. 1 . 2. 2- Tecrac’nloroechane 
Pentachloroe thane 
Acetophenone 

Unknown  (m/e  79  base) 

Weak  unknown  (contains  m/e  79) 
(molecular  sulfur) 

Sg  (molecular  sulfur) 


Level  (uz/'t) 
1.9 
0.6 


1 

2 

3 

0.2 

I 

0.1 

7 


0.3 

0.1 

4 

2 

2 

6 
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Table  F2S 

ulk  Metal  \n.Hi'^5i3  o?  the  ft  Cora  from  i?oring  No.  31 


Anaivte 


Silver 

Aluminum 

Arsenic 

Boron 

Barium 


-erv  tiium 


Cadmium 

Cobalt 

Chromium 

Copper 


Mercury 

Potassium 

Magnesium 

Manganese 

Molybdenum 

Sodium 

Nickel 

Phosphorus 


Antimony 

Selenium 


Titanium 

Thallium 

Yttrium 


Fluoride 


Concentration  ('us/r) 


12700 


0.030 


/ 

I 


Table  72^ 

!?uik  3r~anic  Ar.-ilvsls  oc  zhd  C'/erburdaa  fron  Borins  'io .  31 


"’"antatlva  Idantl flcation 


Aidrin 

Isodrln 

p— Chiorophenvlrpethyisnlfoni 
Toluene 

Hexachlorobutadien 
'(onochlorinarad  unknown  ('T-v*  153) 
rob  ioyolobap  ca. liana 
Chlorinated  unknown 
Tatrachiorobanzene 
(nolacuiar  sulfur) 

Unknown  (m/a  275  base) 

Dieldrln 

Chlorinated  unknown 
Aldrin-cype  chlorinated  pesticide 


Level  (us/s) 


3,1^0 


1 ,  700 


Aiialvte 
Silver 
ALuninuai 
Arsenic 
Boron 
Bariar.  , 
BeryLiiu^ 
Calcium  ^ 
Cadmium 
Cobalt 
Chromium  ^ 

i* 

Copper 
Iron  . 
Mercury 

'* 

Potassium'^ 

Magnesium 

Manganese 

Mol'/bdenua 

Sodium  " 

Nickel 

Phosphorus 

Lead 

Antimony 

Selenium 

Tin 

Titanium 

Thallium 

Yttrium 

Zinc 

riuorlde 


F30 

■erburden  from  Borine  Mo.  31 


Concentration  fug/s) 
0.63 
7460 

<i.n 

’.3.70 

i:6' 

<0.03 

16100 

0.21 

6.03 

11.3 
2110 
9130 

0.031 

2050 

3600 

219 

5.34 

32700 

13.1 
2380 

25.4 
55.0 
<6.2 

<50 

91.6 

19.1 
9.72 


49.2 

336 


Bulk  Organic  A:iaivsls  oF  the 


Tent.^tl’/B  Idenclf lc.itior. 
p-Chiorobanzene  :netbyl  ouifone 
Toluene 

1,1, 2-Trichioroechana 
TatraciUoroe thy lane 
T*  ^3  I’nknovn 
Tylene 

'Jnknown  (m/e  79  base) 
Tetrachloroe thane 
Pantachloroe thane 
W  98  or  134  unknown 
Alkane 


Table  F31 

O-l.O  ft  Core  Subsamnle  from  Rorine  Mo.  33 


Level  (ug/g) 
0.4 
6 
2 

0.2 

30 

0.: 

4 

5 

0.4 
11  . 


0.3 


Tabla  F32 


3ulk  ’'atal  Anal'/.-3i3  oc  the  ? 

An.ijvts 
Sii'rer 
Aluminum 
Arsanic 
Boron 
Barium 
2a ry Ilium 
Caiclun 
Cadnium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
PoCasaium 
Magnesium 
Jianganase 
Molybdenum 

Sodium 
Miokel 
Phosphorus 
Lead 

Anti.rsnv 
Selenium 
Tin 

Titanium 
Thallium 
Yttrium 
•Tine 

Fluoride 


Core  Sub;;amnla  from  Boring  Mo.  33 


Concentration  i'Ug/2) 
1.35 
11500 
<1.8 
8.58 
162 
<0.08 
2990 
<0.1 
3.71 
14.8 
<100 
13600 
0.015 
2680 
3330 
296 
8.31 
1030 

15.1 
432 

24.6 

55.0 

<6.2 

<50 

70.2 
32.9 
15.0 
49.0 

60.3 


Table  F33 


'Suxl-;  Organic  Analysis  o:  the  C.O-l.O  ft  Core  Sahsannie  from  3orlna^rOj__^ 


Tentative  lijentif Ication  Level  (^12/2) 

Toluene  10 

1 , 1 ,2-crlchioroethane  3.0 

Tatrachloroethylene  0.2 

Mt'/  98  unknown  30 

.Xylene  0.3 

”i:kno'..'n  (rn/e  T9  base)  9 

1 , 1 , 2, Z-Tetrachloroe thane  13 

Pentaohioroethane  0.8 

'HT  93  or  134  unknown  30 

Unknown  0.7 

Ailtane  2 


F38 


-«s, 


Analyte 

Silver 

Alanlnum 

Arsenic 

Boron 

Bariitn 

Beryllium 

Calciun 

Cadniuo 

Cobalt 

Chromium 

Copnar 

Iron 

Mercury 

Potassium 

Magnesium 

Manganese 

Molybianu.n 

Sodium 

Nickel 

Phosphorus 

Lead 

Antimony 

Selenium 

Tin 

Titanium 

Thallium 

Yttrium 

ZLt.z 


PluoriJa 


ml 


Concentration  (-.c/g) 
1.23 
2590 
<1.8 
9,66 

53.3 
<0.08 

1300 

<0.1 

3.34 

4.49 

<100 

4040 

0.013 

885 

1050 

123 
1.93 

124 
4.30 

230 

12.4 
65.0 
•.5.2 

<50 

45.4 
3.77 
5.53 

13.3 

60.8 


